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t o BNTRODUCTIOiN 

This Plan for Discontinuing Sanitary Sewer Discharges (Plan) is submitted to the 
U.S. Environmental Protection Agency (U.S. EPA) and the Minnesota Pollution Control 
Agency (MPCA) pursuant to Section 2.9 of the Remedial Action Plan (RAP) embodied 
in the Consent Decree in the case of the United States of American, et al. vs. Reilly Tar 
& Chemical Corporation, et al. (U.S. District Court, Minnesota, Civil No. 4-80-469). 
Section 2.9 of the RAP addresses the planning and approval process required if Reilly 
Industries wishes "to change the discharge to the storm sewer or a surface water body of 
any source control or gradient control well that is required to be discharged to the sanitary 
sewer by the provisions of the RAP" (RAP pg. 9). In particular, this Plan describes the 
proposed construction and operation of a treatment plant that will allow the discharges 
from source control wells W23, W420, and W421 to be routed to a storm sewer that 
discharges to Minnehaha Creek. Well W23 is the Prairie du Chien-Jordan source control 
well installed by Reilly pursuant to RAP Section 7.1, and Wells W420 and W421 are the 
Drift and Platteville, respectively, source control wells installed by Reilly pursuant to RAP 
Section 9.1. All three source control wells currently are discharged to the sanitary sewer. 
Switching their discharges to the storm sewer is required by Paragraph 2(c) of the 
City/Reilly Agreement (which is incorporated in the Consent Decree) by September, 1990. 
Moreover, the sanitary sewer discharge permit for these wells expires at the same time. 

Proposed Discharge Plan 

Section 2.6 of the RAP specifies the discharge limits to be incorporated in the draft 
of any NPDES discharge permit that is needed as a result of a remedial action required 
by the RAP. These discharge limits are exceeded by the current discharges from each of 
the source control wells at issue (See Table 1). Reilly is proposing, therefore, to construct 
a single central treatment facility for treating the discharges from all three wells so that 
the treated effiuent willk meet the NPDES limits. The proposed treatment consists of 
oxidation/precipitation pretreatment for iron and manganese removal followed by activated 
carbon adsorption for removal of PAHs and phenolics. 
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The efficacy of the proposed treatment-scheme has been demonstrated by extensive 
laboratory and pilot-scale treatability testing conducted for Reilly by Remediation 
Technologies, Inc. (ReTeC). ReTeC's treatability study report is presented in Appendix 
A of this Plan. ReTeCs engineering evaluation report, which presents a conceptual design 
of the treatment plant and describes its operation, is presented in Appendix B of this Plan. 
Both of these reports constitute an integral portion of this Plan, and should be consulted 
for technical details. 

Implementation Schedule 

The schedule for implementing treatment for Wells W23, W420, and W421 depends 
primarily on the time required to obtain the necessary NPDES permit. The objective is 
to have the treatment plant constructed and operating in September, 1990. This objective 
should be achievable if the NPDES permitting proceeds expeditiously, so that a permit can 
be issued six months after the application is made. 

Table 2 presents a tentative schedule based on a six-month NPDES permitting 
period. Under this schedule, the treatment plant should be in place and operational by 
the end of September, 1990. The schedule is tentative because of uncertainties in Agency 
review times and permitting time. The fixed schedule items are submission of this Plan 
and submission of an NPDES permit application by December 1, 1989. The NPDES 
permit application will be made by the City of St. Louis Park. A copy of the permit 
application to be submitted is included in Appendix C of this Plan. The other fixed 
schedule item is submission of detailed design drawings and specifications for review and 
comment by the U.S. EPA, MPCA, and the City of St. Louis Park. This submission will 
be made by March 31, 1990, provided that the Agencies' comments on this Plan are 
received by January 15, 1990, and approval of the Plan is given by March 15, 1990. All 
necessary local permits will be obtained as required to meet this schedule. 

Once the NPDES permit is granted and Agency approval of the detailed design is 
obtained, Reilly will let bids for construction of the treatment plant, select a contractor and 
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begin construction. The bidding process should take about one month. Construction is 
expected to take about three months, provided that the work is started sufficiently in 
advance of winter. 

Cessation Criteria 

Section 2.9 of the RAP requires that this Plan propose criteria by which it can be 
determined that treatment ofthe source control well discharges is no longer required. One 
obvious criterion is that treatment of a given well's discharge should not be required if the 
untreated discharge meets the criterion already established in the RAP for cessation of 
pumping (see RAP Sections 7.1.4 and 9.1.4). It is also possible that a given well's 
discharge could meet the NPDES permit limits without treatment even though the 
cessation criterion for pumping has not been met (e.g., Well W23's untreated discharge ' ̂  U ! ̂ 
could contain less than 17 ptg/l but more than 10 jag/l:^tal Other PAH^rit is also possible ' 
that the combined discharge from treating some of the source control wells but not others 
would still meet the NPDES discharge criteria (e.g., the combined discharge from Well 
W23 pumping 50 gpm with 30 /ig/l total Other PAH untreated plus Wells W420 and W421 
pumping 70 gpm total with <1 /ug/l total Other PAH after treatment would be <13 /tg/1 
total Other PAH). 

Given these possibilities, the proposed criteria for cessation of treatment for one 
or more of the source control Wells W23, W420, and W421 are as follows: 

1. Treatment can be ceased for a given well if the untreated well 
discharge meets the criteria for cessation of pumping established by 
the applicable section of the RAP (§7.1.4 or §9.1.4). 

2. Treatment can be ceased for a given well if statistical evaluation of 
six months of monitoring data shows that the combined discharge of 
that well without treatment plus treated effluent from the remaining 
wells will meet the NPDES limits./^ The statistical evaluation will be 
based on the upper 90 (percent confidence interval of six samples of 
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2-1 

AVERAGE BACKGROUND WATER QUALITY DATA 
OF WELL DISCHARGE 

iPAMMETER 
TARGET NPDES DISCHARGE 

CONCENTRATIMS 
PRAIRIE DU CHEIN/JOROAN 

U23 SCU DISCHARGE 
DRIFT 

MZO SCU DISCHARGE 
PLATTEVILLE 

IKZ1 SCU DISCHARGE 

POTEHTIALLT CARCIHOGEHIC DAILT MAX. 30 DAT AVG. « AVG. L95X U95X 0 AVG. L95X II95X f AVG. L95X U95X 
(P.C.) PAHS (ug/l) 

Oulnollne 0 ND NO ND 0 ND NO ND 0 ND ND ND 
8enio(a>anthracene 1 0.233 NA* NA* 0 ND ND ND 0 ND ND ND 
Cliryeene 1 0.283 NA* NA* 0 ND ND ND 0 ND ND ND 
Benzofluoranthcnea 1 0.024 NA* NA* 0 ND ND ND 0 ND ND ND 
Benio(a)pyrena 1 0.028 NA* NA* 0 ND ND ND 0 ND ND ND 
IndenoM,2,3-c,d)pyrene 0 ND ND ND 0 NO ND ND 0 ND ND ND 
Dlbenzo(a,h)anthracane 0 ND ND ND 0 ND ND ND 0 ND ND NO 
Benio(g,h,l)pyrene 0 ND ND ND 0 ND ND iND 0 ND ND ND 

TOTAL P.C. DETECTABLE PAHa NA 0.31 1 0.570 NA* NA* 0 ND ND ND 0 ND ND ND 

OTHER PAHa (ug/l) 

2,3-Beniofuran A 8.5 0.0 13.8 7 41.8 19.8 83.8 4 2.8 0.3 4.8 
2,3-Dyhydrolndena 9 22.5 10.9 34.2 8 127.3 89.4 185.1 8 128.0 100.0 158.0 
Indene 9 18.3 0.1 38.3 8 203.8 113.2 294.0 8 88.0 84.0 108.0 
Naphthalene 10 88.1 23.2 109.0 9 1881.8 1034.8 2288.9 9 500.4 410.2 590.7 
Benio(b)thlophene 9 11.7. 3.1 20.3 7 112.3 87.8 158.8 7 83.8 50.1 77.1 
Indole 0 NO ND ND 0 ND ND ND 0 ND ND ND 
2-Nethylnaphthalene 9 14.8 0.0 29.8 7 87.4 37.8 137.3 3 1.9 0.0 3.9 
1-Nethylnaphthalene 9 20.4 5.9 35.0 7 84.9 50.9 118.8 7 27.3 19.8 35.0 
'BIphenyl 9 8.2 2.4 9.9 8 18.9 11.7 25.5 3 3.3 1.3 5.4 
Acenephthylene 10 5.1 2.2 7.9 1 81.7 NA* NA* 1 44.2 NA* NA* 
Acenaphthene 10 20.7 13.1 28.3 8 73.8 51.8 95.9 7 18.1 12.7 23.4 
DIbeniofuran 9 10.5 4.3 18.8 7 27.0 18.4 35.8 3 2.9 0.3 5.5 
Flourena 10 14.4 9.8 19.1 8 21.7 14.0 29.4 5 3.7 2.2 5.2 
Dlbentothlophene A 1.4 1.1 1.7 2 1.8 0.0 5.4 1 100.0 NA* NA* 
Phenathrene 2.0 1.0 10 18.8 10.5 23.0 8 9.8 4.8 14.8 3 1.3 1.1 1.8 
Anthracene 10 2.2 1.5 2.9 0 ND ND ND 0 NO ND ND 
Acrldlne 0 HO ND ND 0 ND ND ND 2 1.1 0.8 1.5 
Carbazole B 2.9 1.8 4.3 7 47.4 37.5 57.4 7 18.9 12.1 21.8 
Fluoranthens 10 5.4 4.1 8.7 0 ND ND ND 0 ND ND ND 
Pyrene 10 4.4 3.5 5.3 0 ND ND ND 0 NO ND ND 
Benzo(e)pyrene 0 NO NO ND 0 ND ND ND 0 ND ND ND 
Perylene 0 ND ND ND 0 ND ND ND 0 ND ND ND 

TOTAL OTHER DETECTABLE 3A.0 17.0 10 234.8 103.9 385.3 9 2378.3 1480.8 3278.1 9 811.1 881.3 960.8 
PAHa 

OTHER PARAMETERS (mg/l) 

Oil A Grease 1 5 NA* NA* 1 10 NA* NA* 1 NA* NA* NA* 
Phenollea (4AAP) (ug/l) NA 10.0 1 10 NA* NA* 8 230 89 370 7 37 24 49 
TSS 1 2 NA* NA* 1 9 NA* NA* 1 NA* NA* NA* 

HOTES; Actual data given In Appendix A. 
NA* - Hot Applicable aince parameter uaa detected In only i 

eenple. 
HA - Hot Applicable. 
HD - Hot Detectable. 

AVG - Average Value. 
L9SX - Lower 95XiConfldence Interval Limit. 
U95X - Upper 9SX Confidence Interval Limit. 
0 Hudier of detectable cancentretlont uied to cenpute 

respective atatletice. 
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each relevant effluent stream collected over a six-month period^ This 
also applies to the case of ceasing treatment on two wells and only 
treating the third. 

3. Treatment of all three wells can be ceased if statistical evaluation 
(conducted as in Item No. 2 above) of six months of monitoring data 
shows that the combined discharge of all three wells will meet the 
NPDES limits without treatment. This also applies to the case of 
ceasing only the activated carbon treatment but continuing the 
iron/manganese removal pretreatment (e.g., if the PAH and phenolics 
limits can be met without treatment but iron and manganese levels 
are too high). 

Any request for cessation of treatment will be submitted to the U.S. EPA and 
MPCA for review and approval (or disapproval) in accordance with Part G of the 
Consent Decree. 
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TABLE 1 

COMPARISON OF ANTICIPATED NPDES DISCHARGE LIMITS 
AND CURRENT SOURCE CONTROL WELL DISCHARGE 

CONCENTRATIONS 

PARAMETER 

(MQ/I) 

Total Carcinogenic PAH 

Total Other PAH 

Phenanthrene 

Phenoiics (4-AAP) 

NPDES LIMITS [a] 

DAILY MAX. 30-DAY AVG. 

CURRENT DISCHARGES [c] 

NA [b] 

34 

2 

NA 

0.31 

17 

1 

10 

W23 

0.57 

365 

23 

10 

W420/W421 [d] 

0.03 

849 

9 

30 

Notes: 

[a] - Per RAP Section 2.6 

[b] - Not Applicable 
[c] - Upper 95 percent confidence intenral limit values per Table 3-2 In Appendix B 
[d] - For flow-proportioned combined discharge 
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TABLE 2 

TENTATIVE IMPLEMENTATION SCHEDULE 
FOR DISCONTINUING SANITARY SEWER DISCHARGES 

ACTIVITY 

Submit Plan to U.S. EPA and MPCA 

Submit NPDES Permit Application to MPCA 

U.S. EPA/MPCA Comments on Plan 

Submit Revised Plan to U.S. EPA and MPCA 

U.S. EPA/MPCA Approval of Plan 

Submit Detailed Design for U.S. EPA, MPCA and City Review 

U.S. EP/VMPCA/City Comments on Detailed Design 

Final Detailed Design Drawings and Specifications 

issuance of NPDES Permit (allowing 6 months) 

Complete Bidding Process for Construction 

Complete Construction of Treatment Plant 

APPROX. DATE 

Nov. 21, 1989 

Dec. 1, 1989 

Jan. 15, 1990 

Feb. 15, 1990 

March 15, 1990 

March 31, 1990 

April 31, 1990 

June 1, 1990 

June 1, 1990 

July 1, 1990 

Sept. 30, 1990 
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EXECUTIVE SUMiMARY 

Remediation Technologies, Inc. (ReTeC) has been contracted by Reilly Industries, 
Inc. (Reilly) to evaluate activated carbon column treatment of pumped groundwaters from 
a former wood treating and coal tar refining site located in St. Louis Park, Minnesota, 
which is a superfund site. A Remedial Action Plan (RAP) embodied within a Consent 
Decree (CD) among Reilly, the City of St. Louis Park (City), the Minnesota Pollution 
Control Agency (MPCA) and the U.S. Environmental Protection Agency (U.S. EPA) 
provides requirements for remedial action of site groundwaters. 

As part of an agreement between Reilly and the City, which is a part of the 
Consent Decree, Reilly must, by September, 1990, provide sufficient treatment of three 
separate source and gradient control well discharges to permit their routing to storm 
sewers which ultimately discharge into Minnehaha Creek. These three wells are designed 
as W23, W420, and W421. Presently, these well discharges are being routed into the 
Minneapolis/St. Paul Metropolitan sanitary sewer system without any treatment. For 
storm sewer discharge, specific water quality limits to comply with National Pollution 
Discharge Elimination System (NPDES) permitting requirements are proposed in the 
Consent Decree. Site chemicals-of-interest given focused attention in these requirements 
are phenolics (4-AAP) and thirty specified polynuclear aromatic hydrocarbons (PAH) 
previously identified with the site groundwaters. 

Activated carbon treatment is the method of choice for the well discharges. Even 
though activated carbon is a proven and generally accepted technology for treatment of 
site groundwaters, treatability testing was performed to provide information to evaluate 
certain outstanding technical and economic issues. Technical issues relate to: (!) 
determining the need for iron and manganese removal via a pretreatment process, (ii) the 
extent to which site chemicals-of-interest are removed by the treatment system, (iii) 
identifying any potential operational issues associated with extended treatment, and (iv) 
identifying any additional control processes (e.g., pH control and backwash tanks) which 
may be needed. Economic issues relate to engineering design optimization of the 
treatment system in terms of associated capital and O&M costs. Such information relates 
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to: (i) generating representative carbon exhaustion rates, (ii) quantifying required empty 
bed contact times (EBCT), (iii) quantifying dosages of treatment chemicals if required, and 
(iv) establishing proper hydraulic loading rates. 

To answer these questions, laboratory and on-site pilot-site testing was performed. 
The laboratory work was performed from December, 1988, through February, 1989, and 

focused on further groundwater characterization and pretreatment testing for iron and 
manganese reduction. Based on this preliminary work, it was determined that iron and 

manganese removal was needed and represented a very important design step prior to 
activated carbon column treatment. This is because it is highly likely that reduced iron 

and manganese species will be chemically oxidized in the activated carbon treatment 
system and precipitate out of solution, thus, fouling and plugging the carbon column. The 

reduced iron could also be microbially oxidized resulting in bacterial build-up within the 
column as well as iron precipitation. In addition to preventing plugging of the carbon 
columns, the total iron and manganese groundwater concentrations may require reductions 
to anticipated NPDES levels below 1 mg/L. 

Based on the laboratory testing results performed, an onsite pilot-scale treatment 

system was designed, constructed and operated. The unit was operated from March 28, 
1989, through October 17, 1989, and consists of the following sequential process 
components: 

• Chemical oxidation with potassium permanganate. 
• Anthracite/sand filtration via a downflow packed bed column. 

• Activated carbon column treatment via three downflow packed bed 
columns arranged in-series. 

The KMnO^ chemical oxidation/sand filtration pretreatment step proved to be very 
effective in reducing total iron and total manganese groundwater concentrations from 
above 1 mg/L to below 0.2 mg/L and 0.3 mg/L, respectively. Following this pretreatment 

step, activated carbon column treatment work quite well in terms of organics removal both 
technically and economically. In terms of NPDES permitting considerations, pilot-scale 

test results indicate that the final effluent from a full-scale treatment system, comprised 
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of sand filtration pretreatment and activated carbon treatment, should generally contain 
non-detectable PAHs at a repotting limit of 0:01 ug/L, less than 0.5 mg/L iron and 
manganese, non-detectable nutrients, a pH between 6 to 9, and near non-detectable 
conventional parameter (e.g., TOC, BODj) concentrations. Regarding, economic issues, 
preliminary data puts carbon usage for the pilot unit somewhere between 0.096 and 0.133 
lb. of carbon/1,000 gallons treated. The 0.096 usage rate corresponds to week 30 of 
operation and the 0.133 usage rate corresponds to week 28 of operation. This range is 
based on limited supporting data with phenolics detects^ at weeks 13, 17, and 28, and 
naphthalene detected at weeks 17, 19, 28 and 30 in the treated effluent fromjhe first in 
series carbon_coluimis_at levels above target NPDES requirements^XNeither of the^ 

^.rampounds were detected in iubsequenTlampfinp?^ To better substantiate carbon 
exhaustion^ rates, the pilot unit was operated until the week of October 17, 1989, at which 
time a final sampling was made. Regardless of this fact, both analytical and operating 
results to date support the technical and economic merits of the treatment system 
simulated. 

The results of the treatability work will serve as the primaiy engineering design of 
the full-scale treatment system. Specifics of the treatability work performed are 
documented in the following treatability report with the full-scale conceptual engineering 
design presented in an associated report. 
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1.0 INTRODUCTION 

Reaiy Industries, Inc. (Reilly) contracted with Remediation Technologies Inc. 
(ReTeC) of Pittsburgh, PA to perform an engineering evaluation of alternative treatment 
systems for pumped groundwaters at a former wood treating and coal tar refining site 
located in St. Louis Park, Minnesota which is a superfund site. A Remedial Action Plan 
(RAP) embodied within a Consent Decree (CD) among Reilly, the City of St. Louis Park 
(City), the Minnesota Pollution Control Agency (MPCA) and the U.S. Environmental 
Protection Agency (U.S. EPA) provides specific requirements for remedial action of site 
groundwaters. 

The treatability work performed involved both laboratory bench-scale testing and 
on-site pilot-scale testing of sand filtration pretreatment followed by activated carbon 
column treatment. The sand filtration pretreatment step also involved chemical oxidation 
and subsequent precipitation of reduced iron and manganese prior to sand filtration. 
Such pretreatment was needed due to the fact that it is highly likely that reduced iron and 
manganese species will be chemically oxidized and precipitated out of solution, thus, 
plugging the carbon column. The reduced iron could also be microbially oxidized resulting 
in bacterial build-up within the column as well as resulting in iron precipitation. In 
addition to preventing plugging of the carbon column, the total iron and manganese 
groundwater concentrations may require reduction to anticipate NPDES levels below 1 
mg/L. This work was performed to provide information to evaluate both the technical 
and economic issues associated with sand filtration/activated carbon treatment of pumped 
groundwaters for removal of coal tar related chemicals-of-interest (e.g., polynuclear 
aromatic hydrocarbons). Technical issues relate to determining the extent to which the 
various chemicals-of-interest are removed by the treatment system, along with evaluating 
potential operational issues associated with extended treatment such as column short 
circuiting, plugging and backwashing needs. Economic issues relate to generating 
engineering design information needed to optimize the treatment system in terms of cost 
considerations. Such information includes determining: (i) representative carbon 
exhaustion rates for the various chemicals-of-interest, (ii) proper hydraulic loading rates, 
and (iii). if any need exists for any ancillary equipment (e.g., pH control). 
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On the basis of the infonnation presented in this report, it is concluded that a 
system comprised of sand filtration in conjunction with potassium permanganate chemical 
oxidation followed by activated carbon column treatment represents both a technically 
feasible and economically efficient solution for treatment of pumped groundwaters at the 
Reilly Industries, Inc. St. Louis Park site. 

Specific areas related to the treatability work are addressed in the following 
respective sections. Section 2.0 provides background information associated with the 
project. Section 3.0 provides an overview of the treatability work performed. Section 
4.0 details the procedures and results associated with the laboratory treatability work 
performed, and Section 5.0 does the same with regard to the onsite pilot-scale testing. 
Section 6.0 discusses the treatability testing results in terms of permitting and engineering 
design issues, and Section 7.0 presents the summary and conclusions. Results of the raw 
analytical data are given in the Appendices with respective statistical summaries of the 
data given in the text. 

This document serves as a complimentary report to the conceptual design 
engineering report [1] and the State of Minnesota National Pollutant Discharge 
Elimination System (NPDES) permit application [2] prepared as part of the overall 
project related to implementing a system for treatment of source control well discharges 
at the St. Louis Park site. 
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2.0 BACKGROUND 

The St. Louis Park, Minnesota site is a former wood treating and coal tar refining 
plant site previously owned and operated by Reilly Industries, Inc. (Reilly). Reilly is 
complying, with various remedial action requirements for the site, which is a Superfund 
site. Under the terms of the RAP, Reilly installed five source and gradient control wells 
in 1987. These wells are now being operated by the City with discharges routed to 
sanitary sewers. 

Under a separate agreement that is part of the Consent Decree (CD), Reilly has 
agreed with the City to provide sufficient treatment of the source and gradient control 
well discharges to permit their routing to storm sewers by September, 1990. Presently, 
five source and gradient control wells (W23, W105, W420, W421, W422) are being 
pumped into the Minneapolis/St. Paul Metropolitan sanitary sewer system without any 
treatment. Reilly anticipates discharge of well W422 effluent in conjunction with an 
adjacent St. Peter aquifer groundwater treatment system which will be installed by the 
City. Because of the relatively good and improving water quality of well W105, it is 
anticipated that pumping will be discontinued. As such, the focus of this study is on the 
remaining three weUs (W23, W420, W421). Well W23 is located on Louisiana Avenue in 
a pumphouse located at the edge of an open park. Wells W420 and W421 are located 
in a single pumphouse situated in a light industrial area, approximately 1200 feet south of 
well W23, at the intersection of Louisiana Avenue and West Lake Street. The RAP 
specifies that W23 must pump 50 gpm for the Prairie du Chein/Jordon aquifer, and wells 
W420 and W421 must each pump 25 gpm from the Drift and the Platterville aquifers, 
respectively. Subsequent aquifer testing has shown that W420 must pump 40 gpm [3]. 

Under the terms of the RAP and CD, discharge from these three wells (W23, 
W420, and W421) will be routed to storm sewers which ultimately discharge into the 
Minnehaha Creek. As such, specific water quality limits must be met to comply with 
National Pollution Discharge Elimination System (NPDES) permitting requirements. On 
this basis, Reilly is assuming that the NPDES discharge concentration limits suggested in 
the RAP will be the treatment levels which must be met. Table 2-1 lists these anticipated 
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NPDES discharge requirements along with average concentrations of the respective 
parameters for the discharge from wells W23, W420, and W421. The parameters cited 
are those previously identified in the RAP to be representative of the site. The average 
values given are computed from past well monitoring data performed since 1987; the 
actual data used to compute the averages are given in the associated engineering report 
[1]. Only detectable concentrations were used in computing the average values. The 
average values computed are cited along with their respective 95 percent confidence 
intervals (these intervals identify a range for which there is a 95 percent probability that 
the true means will fall within assuming a normal distribution of the data). The data in 
Table 2-1 indicate that all three well discharges exceed some or all of the target permit 
conditions cited. The target NPDES discharge concentrations cited are recommended by 
the RAP. Specific permit conditions will have to be negotiated with MPCA through a 
permit application process. A more detailed discussion of NPDES discharge issues are 
provided in Section 6.3 and the permit application [2]. 

Table 2-2 presents the average flowrates and the respective upper and lower 95% 
confidence limits for the three wells in question. These values are based on average 
monthly values recorded since pumping began in 1987. The specific monthly values used 
are provided in the engineering report [1]. As cited, relatively little variation exists in 
terms of flowrates for the three respective wells. 

To help comply with the provisions of the RAP, Reilly contracted Remediation 

Technologies, Inc. (ReTeC) to perform an engineering evaluation of treatment options for 
the three source and gradient control well discharges. Given the previously discussed 

treatment objectives and historic groundwater quality data, ReTeC performed an 
engineering screening evaluation with biological fluidized bed, ozone/UV, hydrogen 

peroxide/UV and activated carbon treatment considered as potential options based on 

technical feasibilify. This evaluation focused on: (i) combined treatment of W420/W421 

and single treatment of W23, and (ii) combined treatment of all three wells. In terms of 
economic considerations (i.e., capital and O&M costs), activated carbon treatment of all 
three wells combined offered the best alternative. On this basis, plus the fact that 
activated carbon treatment is a proven and generally accepted technology, ReTeC 

proceeded with laboratoiy and onsite pilot-scale testing to generate site-specific 
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TABLE 2-2 

AVERAGE FLOW FOR WELL DISCHARGES 

WELL 

W23 

W420 

W421 

AVERAGE MONTHLY 
FLOWRATE fOPM^ 

56 

40 

30 

LOWER 95% 
CONFIDENCE 
LIMIT (GPM) 

51 

37 

28 

UPPER 95% 
CONFIDENCE 
UMTTfGPM) 

60 

43 

34 

NOTE: SEE ENGINEERING REPORT [1], FOR ACTUAL DATA 
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engmeering design data for full-scale implementation of activated carbon treatment and 
to generate the data necessary to address NPDES permitting issues. 

The remaining sections of this report present the procedures and results of the 
treatability work performed. 

Treatability Study Report for Treatment of PAGE - 7 
Pumped Groundwatera at St. Louie Park, Mlnneeota 



3.0 STUDY OVERVIEW 

This section presents an overview of the treatability work performed, the project 
personnel involved, the related analytical testing done, and the Quality Assurance/Quality 
Control (QA/QC) procedures followed. 

3.1 Treatability Studies 

The treatability work performed involved both laboratory and onsite pilot-scale 
testing. Table 3-1 provides a chronological summary of the specific work carried out. As 
indicated, work was begun in November, 1988, with an initial site visit for groundwater 
characterization purposes. 

Preparatory work was carried out prior to implementing the onsite colunrn work. 
This preparatory work involved laboratory testing to examine various pretreatment 
schemes for removal of reduced iron and manganese. If not removed, iron and 
manganese precipitation could cause fouling and plugging of the carbon columns. Once 
a pretreatment scheme was decided upon, sufGcient volume was pretreated and sent to 
Calgon Carbon Corporation for micro-scale accelerated column testing (ACT) evaluation. 

Following laboratory testing, an onsite pilot-scale sand filtration/activated carbon 
unit was set-up and operated to demonstrate the technical feasibility and economic 
viability of such a system for treatment of the St. Louis Park site pumped groundwaters. 
Data generated from this onsite work will also be used for engineering design optimization 
and NPDES permitting issues. The onsite pilot-scale carbon colunrn was started on 
March 28, 1989 and operated through October 17, 1989. It was originally estimated that 
the unit would achieve exhaustion in June, 1989. However, due to lower than anticipated 
carbon column exhaustion, operation was continued until October 17, 1989. Operation of 
the pilot-scale unit through October provides additional data supporting sand 
filtration/activated carbon column treatment of the pumped site groundwaters. 
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TABLE 3-1 

TREATABILITY TESTING CHRONOLOGICAL OVERVIEW 

ACTIVITY DATE OR TIME 
PERIOD 

PURPOSE 

1. initial Site Visit November, 1988 To become familiar with the site and to 
coiiect grab samples for well 
characterization and laboratory testing. 

2. Laboratory Pretreatment December, 1988 
Evaluation Testing thru 

January, 1989 

To evaluate pretreatment of the site 
groundwaters for reduced iron and 
manganese removal in conjunction with 
collection and anaiyses of additional site 
groundwater samples: 

3. Caigon ACT Evaluation 
Testing 

December 5, 1988 
thai 

May 12, 1989 
(Report Provided) 

To evaluate activated carbon treatment 
of a pretreated groundwater sample 
using Caigon's ACT procedure. 

4. Pilot-Scale Activated 
Carbon Column Unit 
Construction 

February, 1989 
thai 

March, 1989 

To design, procure equipment and 
construct the pilot-scale carbon unit to 
operated onsite. 

5. Pilot-Scale Carbon Column March 28, 1989 
Operation^ thru 

October. 1989 

To set-up, operate and monitor the pilot-
scale carbon: unit. 

6. Report September, 1989 
thru 

November, 1989 

To compile data and report procedures 
and results of the pilot-scale unit 
operation. 

Treatability Study Report for Treatment of 
Pumped Groundwaters at St. Louis Park, Minnesota 

PAGE - 9 



3.2 Project Personnel 

Primaiy treatability and engineermg efforts for the laboratory and pilot scale work 
performed for this project were performed by ReTeCs Pittsburgh Office personnel. Dr. 
John R. Smith was Project Manager. The primary project scientists associated with the 
treatability testing were Paul Chavez and Robin Weightman. 

With the exception of Calgon's ACT work, all laboratory testing was performed by 
ReTeC persormel. ReTeC was also responsible for design, construction and set-up of the 
pilot-scale unit. After an initial training period, St. Louis Park personnel operated and 
monitored the unit with supervision provided by ReTeC persormel. 

All associated analyses was performed by contract laboratories as cited in the next 
sub-section. 

3.3 Analytical Testing 

Table 3-2 lists the analytical parameter categories monitored during both the 
laboratory and onsite pilot-scale studies. This specific parameter category list was used 
so that the proper information would be obtained related to both evaluation of the 
treatment system for engineering design purposes and NPDES permit considerations. The 
specific analytical parameters associated with the different categories are given in 
Appendix A along with the methods used and the respective method detection limits. 

Also cited m Table 3-2 are the respective analytical laboratories which performed 
the analyses. Keystone Environmental Resources, Inc. (KER) located in Monroeville, 
Permsylvania performed all analyses related to conventional, metals, nutrients, polynuclear 
aromatic hydrocarbons (PAHs) by HPLC and priority pollutants. Rocl^ Mountain 
Analytical Laboratory (RMAL), located in Arvada, Colorado tested for the PAHs 
presently being analyzed in the well discharges by the City of St. Louis Park (SLP) on a 
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TABLE 3-2 

ANALYTICAL PARAMETER CATEGORIES 

CATEGORY ANALYTICAL LABORATORY 

Conventional 

Metals 

Nutrients 

SLP-PAH Ust (GC/MS) 

PAH by HPLC 

Priority Pollutants 

KER 

KER 

KER 

RMAL 

KER 

KER 

NOTE: KER - Keystone Environmental Resources, Inc. 
RMAL - Rocky Mountain Analytical Laboratory 

See Appendix A for list of specific analytical parameters, 
analytical methods used and method detection limits. 
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quarterly basis; this specific PAH list will be identified in this report as the SLP-PAH List. 

All analytical results associated with the treatability work performed as generated 
by the contract laboratories are provided as Appendix B. 

3.4 QA/QC Procedures 

Quality Assurance/Quality Control (QA/QC) procedures were followed with regard 
to: (i) sample collection, shipment and storage; and (ii) sample analyses. 

For the sample collection, shipment and storage, ReTeC's Standard Operating 
Procedure (SOP No. 507) was followed. This involved overnight shipment for all 
treatability samples and analytical samples along with following proper chain-of-custody 
procedures. A copy of the SOP is provided as Appendix C. 

Analytical QA/QC procedures entailed analyzing for various chemical parameters 
in distilled water blanks during selected sampling events. The distiUed water was 
transferred into the sample containers used for treatability samples. This procedure 
checked for contamination of the sample containers supplied by the respective analytical 
laboratories as well as for any contamination associated with the analytical testing 
equipment. In addition, both KER and RMAL use in-house QA/QC procedures cited by 
the U.S. EPA. This involves routinely running blanks, spikes and duplicates along with 
regular laboratory samples submitted for analyses. 
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4.0 LABORATORY TESTING 

Laboratoiy testing of the three groundwater well discharges (W23, W420, W421) 
was first performed to provide input into the design of the onsite pilot-scale treatability 
study. The work carried out focused on: (i) initial characterization of the groundwater 
well discharges, (ii) pretreatment evaluation, and (iii) an ACT evaluation by Calgon. 
Detailed procedures and results of these three activities are presented in this section. 

4.1 initial Characterization 

Procedures 

Grab samples were collected from discharges at wells W23, W420, and W421 on 
November 30, 1988, and again on December 28, 1988. The November 30 samples were 
submitted to RMAL for analysis of the SLP-PAH list, and to KER for conventional, 
nutrients, and metals analyses. These analyses were done so as to provide data for 
parameters other than the SLP-PAH list. On December 28, split samples were collected 
in conjunction with the quarterly monitoring performed by the City of St. Louis Park for 
the SLP-PAH list. The additional split samples collected were sent to KER for PAH 
analysis by HPLC. This was done so that a comparison could be made in terms of the 
SLP-PAHs by GC/MS and PAHs by HPLC. 

Results and Discussion 

Results of the November 30 sampling are given in Table 4-1 for the RMAL results 
and Table 4-2 for the KER results. For the SLP-PAH list. Table 4-1 gives that the 
reporting limit (i.e., method detection limits) for W23 is 1 ug/L, and ICQ ug/L for W420 
and W421. These quantifiable detection limits are much higher than requested limit of 
0;01 ug/L requested of RMAL due to interferences encountered during the analysis. This 
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TABLE 4-1 

CHARACTERIZATION RESULTS FOR SLP-PAH UST 

1 PARAMETER | 
1 1 

HELL OlSCHARGE 
1 1 
1 1 IIZ3 1 H620 1 tK21 j 

1 Rtporting Limit (ug/L) i 
1 1 

1.0 1 IBO 1 
1 1 

100 1 
1 1 
1 POTENTIAL CARCINOGENIC PAH (ua/L):| 
1 1 

1 1 
1 1 
1 1 1 1 

1 OulnoUn* 1 NO 
1 1 
1 BO 1 NO 1 

1 Benzo(i)anthraem j NO I NO 1 NO I 
1 Chryeena | NO I NO 1 NO I 
1 Benzo(b)fliiorintlicna j NO I HO 1 NO I 
1 Benzodclfluorinthana | NO 1 BO I NO 1 
1 BenzolaIpyrena | NO 1 BO 1 NO 1 
1 Iiideno(1,2,3-c,d)pyrefia j HO HO 1 NO 1 
1 Oibenzla.hlenthrecene | NO I NO I NO I 
I Benze(i,h,l)perylena j HO I NO 1 NO 1 

1 Total Oateotefala | 0 1 0 1 0 1 

1 1 
1 OTHER PAH (ug/L): | 
1 1 

1 1 
1 1 
1 1 1 1 

1 2,3 Benzofuren | NO 
1 1 
1 1 NO 1 

1' 2,3-dfhydroliidena | 8.6 1 130 1 170 1 
1 Indena j 2.3 I 120 1 140 I 
1 Naphthalene j 16.0 1 300 I 600 1 
1 BanzQ(b)thlophana | 3.8 1 NO I NO I 
I Indole I NO 1 NO NO I 
I 2-Methylnaphthalana | 2.6 I NO I NO 1 
1 1-Hathylnaphthalana | 6.0 1 NO I NO I 
1 BIphanyl | 2.1 1 NO I NO I 
1 Aoanaphthylana j 1.7 I NO 1 NO I 
1 Aoanaphthana j 9.3 I NO 1 m I 
I Olbanzofuran j 6.7 1 NO 1 NO I 
I Fluorena | 7.3 I NO 1 NO I 
I Olbanzothlophana | NO 1 NO I NO j 

8.3 I NO I ID 1 
1 Anthracene | 1.1 1 NO I NO I 
1 Aorldlna j NO i » NO 1^ 
1 Carbazola | 1.5 NO NO |> 

2.9 I NO I » I 
1 Pypana | 2.5 1 NO I NO 1 
I Banzolalpyrana .j NO I NO. I NO I, 
I Perylana j NO 1 NO I NO 1, 

1 Total Oatactabla | 80.7 1 750 1 910 1 

Nate: ilnilyiM b|r RML 
KD - iKot Detietibia In tann af raportlng Halted cited. 
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TABLE 4-2 

INITIAL CHARACTERIZATION RESULTS OF 
CONVENTIONAL/METAL/NUTRIENT ANALYSES 

1 PARAMETER 

! r::^. 
1 
1 U23 

UELL DISCHARGE 
1 U420 1 

1 
U421 1 

1 1 CONVENTIONAL (ma/L) 1 
1 
1 

1 1 
1 1 
1 1 

1 
1 

1 Phenol ICS 
i 
1 0.006 

1 1 
1 0.033 1 

1 
0.039 1 

1 pH (units) 1 7.4 1 7.1 1 7.2 1 
1 Total Dissolved Solids 1 342 1 ^ 1 556 1 
1 Total Suspended Solids 1 8.77 1 10-0 1 6.00 1 
1 Fixed Suspented Solids 1 8.77 1 7.00 1 3.00 1 
1 Volatile Suspended Solids 1 <1.00 1 3.00 1 3.00 1 
1 Chemical Oxygen Demand 1 50.0 1 <10.0 1 16.0 1 
1 Total Organic Carbon 1 3.65 1 6-53 1 6.86 1 
1 Oil and Grease 1 <6.00 1 <5.00 1 

1 1 

<5.00 1 

1 METALS (mg/L) 
1 
1 
1 

1 1 
1 1 
1 1 

1 
1 

1' Iron-Total 
1 
1 1.310 

1 1 
1 2.320 1 

1 
1.310 1 

1 Iron-Ferrous 1 0.129 1 0.148 1 2.820 1 
1 Manganese-Total 1 0.082 

1 
1 0.466 1 
1 1 

0.287 1 

1 NUTRIENTS (mg/L) 
1 
1 

1 1 
1 1 
1 1 

1 
1 

1 Ortho-Phosphate as P 
1 
1 <0.100 

1 1 
1 <0.100 1 

1 
<0.100 1 

1 Aiiinonia as N 1 <1.00 1 <1.00 1 <1.00 1 
1 Nitrate as N 1 <0.020 1 <0.020 1 <0.020 1 
1 Nitrite as N 1 <0.020 

1 
1 <0.020 1 
1 J 

<0.020 1 
1 

Note: Analyses by KER. 
< - Represents less than detectable concentrations. 
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low a detection limit was needed to properly evaluate the well PAH concentrations in 
terms of the target NPDES permit levels previously cited in Table 2-1. Due to these 
relatively high reporting values, PAHs were only detected for the noncarcinogenic category 
with no interpretation able to be made for the potentially carcinogenic PAH category. 
Nevertheless, the results do substantiate that all three well discharges will require 
treatment based on exceedence of the target NPDES permit concentrations for 
noncarcinogenic PAHs. The Total Other PAH concentrations cited for respective wells 
W23 and W420 are much lower than the average values previously cited in Table 2-1; 

Total Other PAH concentrations for W421 are similar to previous results. 

The data given in Table 4-2 show that wells W420 and W421 are above the target 
NPDES permit level for phenolics. Otherwise, these well discharges do not appear to be 
heavily contaminated with conventional pollutant parameters. As expected, no nutrients 
were detected. Metal results show that iron is present in the groundwaters at 

concentrations that may cause fouling problems with activated carbon column treatment 
(i.e., >1 mg/L Fe). For this reason laboratory work was carried out evaluating iron 

removal from the three well discharges in question. 

Table 4-3 gives the results of the December 28 sampling event. As cited, results 
are provided for the respective split samples analyzed by both GC/MS and HPLC 

methods. The GC/MS method was done as part of the City's quarterly monitoring and 
the HPLC method was done as part of ReTeC's treatability testing. While certain 
discrepancies are noted in general there is good agreement between the two analytical 
methods for respective parameters. This is especially the case for naphthalene which is 
the PAH present at the highest concentration in all three well samples. The reason why 
the GCyMS results for Total Other PAH are consistently higher than the HPLC results 

is because 30 PAHs were analyzed by GC/MS with only 9 being analyzed by HPLC. The 
general agreement between the two methods for individual PAH compounds is significant 
because it supports the use of PAH analysis by HPLC as a less expensive alternative for 
following carbon breakthrough of the more soluble and less adsorbable PAHs (e.g., 
naphthalene) as needed for engineering design and operational monitoring purposes. This 
is what was done for the onsite pilot-scale treatability testing program. Further discussion 
of this issue is given in Section 6.1. 
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TABLE 4-3 

INITIAL CHARACTERIZATION RESULTS FOR PAH 
COMPARISON BY HPLC AND GC/MS 

1 PARAMETER 1 NELL U23 NELL U420 NELL 'U421 1 
HPLC GCAIS 1 HPLC OC/HS 1 HPLC GC/MS 1 

1 POTENTIAL CARCINOGENIC PAH (ug/L):| 1 
1 

,1 Guinoilna | NA <10.0 HA <10.0 HA 
1 

<10.0 1' 
1 Banzo(a)anthraeano | 0.235 <10.0 <0.020 <10.0 <0.020 <10.0 1 
1 Chryaano | 0.263 <10.0 <0.150 <10.0 <0.150 <10.0 1 
1' Banza(b)fluoranthana j 0.02t <10.0 <0.020 <10.0 <0.020 <10.0 1 
1 Banzo<k)fluoranthana | <0.020 <10.0 . <0.020 <10.0 <0.020 <10.0 1 
1 BanzoCalpyrane | 0.028 <10.0 <0.020 <10.0 <0.020 <10.0 1 
1 lndeno(1,2,3-cd)pyrana | <0.050 <10.0 <0.050 <10.0 <0.050' <10.0 1 
1 Olbtnzo(a,h)anthraetno | <0.030 <10.0 <0.030 <10.0 <0.030 <10.0 1 
1 Benzo(g,h,l)porylena j <0.050 <10.0 <0.050 <10.0 <0.050 <10.0 1 

1 Total Detaetabla | 0.57 0 0 0 0 <> 1 

I OTHER PAH (ug/LI: j 
I' 
1 
1 

1 2,3 Banzofuran | HA <10.0 HA 9.8 HA 
1 

1.8 1 
1 2,3-Olbanzchydrolndana | HA 12.0 HA 130.0 NA 180.0 1 
1 Indano | HA 2.8 HA 74.0 HA 75.0 1 
1 Naphthalano | 28.8 34.0 828 730.0 424 870.0 I 
I Dlbanza(b)thlaphana j HA 4.4 NA 71.0 HA 80.0 1 
1 Indole 1 NA <10.0 NA <10.0 NA <10.0 1 
1 2-Hethylnaphtholena j NA 3.4 NA 13.0 NA 1.3 I 
1 l-Hathylnaphtholena j NA 7.7 NA 37.0 HA 38.0 1 
1 BIphanyl j NA 2.9 NA 8.4 . HA 4.1 1 
1 Aeanaphthylano | 15.2 2.4 81.7 <10.0 U.2 <10.0 j 
I Acanaphtheno j 21.4 12.0 ' 34.1 33.0 12.8 25.0 1 
1 Dlbanzofuran | HA 12.0 NA 8.8 NA 3.7 1 
I Fluorena j 9.28 9.8 8.82 8.8 2.90 4.2 I 
I DIbenzoihiepheno j HA 1.2 HA <10.0 HA <10.0 1 
1 Phenanthrcna | 9.92 12.0 3.41 3.5 1.22 1.4 I 
1 Anthracano | 1.85 1.8 <0.500 <10.0 <0.500 <10.0 I 
I Acrldlna j HA <10.0 HA <10.0 HA 1.1 1 
I Carbazolo j 2.81 2.2 INT 27.0 INT 23.0 '1 
1 Fluorantheno | 2.48 5.2 <0.200 <10.0 I <0.200 <10.0 1 
1 Pyrana | 2.00 4.4 <0.200 <10.0 <0.200 <10.0 1 
1 Sanzo(o)pyrena | HA <10.0 NA <10.0 NA <10.0 1 
1 Paryleno | HA <10.0 NA <10.0 NA <10.0 I 

1 Total Dotaetablo | 93.5 130 732.0 1148 1 1107 1 

Mote: GC/NS AnalyiM by BUL. 
HPLC HnalysM by KER. 
HA • IndleatM not imlyiod. 
INT - Indleotoo Interfonneo. 
< - Ropnsonto Ian than dattetabla eonetntratlons. 
Fourth Quartor (28-DEC-t8) oonitorlng ipUt oaafilea of uolla 1123, IH20, and IK21. 
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4.2 Pretreatment Evaluation 

Procg^lgrg? 

Laboratoiy pretreatment evaluation work focused on the removal of iron and 
manganese from groundwater composite samples via chemical oxidation and sand 
filtration. Testing was performed on flow proportioned composite samples of wells 
W23/W420/W421 and W420/W421. Visual inspection and initial characterization results 
of the groundwater indicated that soluble iron and manganese were present in the well 
water at levels which could foul or plug an activated carbon system. Laboratoiy testing 
was performed to evaluate and optimize iron and manganese removal via chemical 
oxidation and filtration. 

Various chemical oxidants were first evaluated, including hydrogen peroxide 
(H2O2), potassium permangate (KMnO^), and compressed air. These oxidants were 
tested in terms of their capability to oxidize reduced and soluble iron and manganese to 
a state where they would precipitate out of solution. This evaluation included optimizing 
chemical dosage, pH, and reaction time to achieve maximum precipitation based on visual 
observation of precipitate formed. Once precipitated, the iron and/or manganese can be 
removed via sand filtration. Visual observations suggested that potassium permanganate 
would provide the maximum oxidation at the lowest dosage with no pH adjustment 
needed. 

To evaluate the effectiveness of KMnO^ oxidation followed by sand filtration, 
bench-scale filtration testing was performed on a flow proportioned composite sample 
fi-om wells W420/W421. These two well composite samples were used to simulate the 
combined groundwater which would be treated in the onsite pilot-scale carbon column 
unit. The flow proportioned sample was dosed with potassium permanganate at a level 
of 1 mg/KMnO^ per mg iron and 2 mg/KMnO^ per mg manganese to cause oxidation and 
precipitation of the soluble iron and manganese. The potassium permanganate was 

Treatability Study Report fdr Treatment of PAGE • 18 
Pumped Groundwaters at St Louis Park, Minnesota 



allowed to react for five minutes before filtering. The sample was then pumped to a 2-
inch diameter colunm of filtration media and allowed to gravity downflow at a rate of 600 
ml/min (this corresponds to a hydraulic loading of approximately 6.9 gpm/sq. ft of filter 
surface area). 

Various combinations of different filtration media were evaluated. The different 
filtration media tested included general purpose sand; anthracite, and "FerroSand". The 
general purpose sand was sized and washed, and is considered chemically inert. The 
anthracite filtration media was washed and sized anthracitic coal. "FerroSand" is 
processed glauconitic greensand; it is also chemically active for the oxidation of soluble 
iron and manganese in conjunction with KMnO^. The uniformity coefficients and the 
effective sizes of the three different media types are given in Table 4-4. These three 
media types tested are all within acceptable ranges recommended by Metcalf & Eddy [4] 
for gravity downflow sand filters. 

Four separate sand filtration runs were performed using the following four 
combinations of filter media: 

1. Twelve (12) inches, of general purpose sand. 
2. Dual media consisting of 12 inches of anthracite on top of 12 

inches of general purpose sand. 
3. Twelve (12) inches of "FerroSand". 
4. Dual media consisting of 12 inches of anthracite on top of 12 

inches of "FerroSand". 

An unfiltered well composite sample along with filtered samples for each filtration run 
were analyzed for iron, manganese and total dissolved solids (TDS) by KER. The same 
samples were also tested for pH and conductivity by ReTeC personnel at the time of 
testing. 
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4-4 

FILTRATION MEDIA CHARACTERIZATION SUMMARY 

GENERAL PURPOSE SAND 

Uniformity Goefficient (deg/dio) = L53 
Effective Size (d^g) = mm 

(Data olstained from sieve anaiysis performed t>y ReTeC) 

ANTHRACITE 

Uniformity Coefficient (deo/d:,o) = 1.70 
Effective Size (d^g) = 0.9 mm 

(Data supplied by Carbonite Corporation) 

FerroSand 

Uniformity Coefficient (dgg/d^g) = 1.50 
Effective Size (d^g) = 0.30^:35 mm 

(Data supplied by H&T, Inc. in Clayton, New Jersey) 

NOTE: dgg » Paitlcia diameter of filtration madia of which '60 percent of the< material la finer, on a dry weight beale. 

d^g = Particle diameter of filtration media of which 10 percent of the materiel le finer, on a dry weight twels. 
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Results and Discussion 

Results of the filtration runs performed are summarized in Table 4-5. As cited, all 
four filtration media combinations achieved significant reductions of iron (Fe) and 
manganese (Mn). The dual media combinations with the anthracite appeared to work 
best, with the single media material of sand and FerroSand both achieving similar, but 
somewhat less effective results. Based on these results, it was decided that a combination 
of general purpose sand and anthracite coal would be used as the filtration media in the 
pilot-scale testing with KMnO^ as the chemical oxidant. Even though anthracite may not 
be needed in a full-scale unit, it does provide a greater extent of filtration by providing 
a wider range of filtration media size gradation. 

4.3 Accelerated Column Testing 

Procedures 

It was originaUy intended that Accelerated Column Testing (ACT) would be 
performed by Calgon Corporation, Inc. on 2- and 3-well flow proportioned composite 
samples of wells W420/W421 and W23/W420/W421, respectively. However, due to 
technical questions associated with the validity of the ACT work and time constraints, 
Calgon only performed testing on the 3-well composite sample. Nevertheless, both 
composite samples were pretreated via chemical oxidation and sand filtration prior to 
being submitted to Calgon for subsequent ACT work. 

Both 2- and 3-well composite samples were pretreated with KMnO^ used as the 
chemical oxidant and general purpose sand used as the filtration media. The respective 
amounts of each well sample used to make-up the composite samples were computed 
based upon the respective average flowrates previously cited in Table 2-2. Each 
composite sample was analyzed before pretreatment for phenolics (4-AAP), TOC, TDS, 
total Fe, total Mn and PAH by HPLC; all analyses were performed by KER. After 
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TABLE 4-5 

COMPARISON OF SAND FILTRATION RUNS FOR 
DIFFERENT MEDIA 

FILTRATION MEDIA ANALYTICAL RESULTS 

Fe Nn TDS pH Conductivity 
(mg/L) |(ing/L) |(iiig/L) |(units)| (u-ii<ios/cm) 

Initial Unfiltered Composite Sample 

Sand 

Sand/Anthraci te 

FerroSand 

FerroSand/Anthraci te 

I I 
1.630 I 0.379 I 25 

I I 
0.124 |. 0.161 I 15 

I I 
<0.100 I 0.081 I 17 

1 I 
0.165 I 0.184 I 19 

I I 
<0.100 I 0.043 I 18 

I I 

I 
7.4 I 

I 
7.5 I 

I 
7.4 I 

7.5 

7.2 I 

950 

1050 

1000 

1000 

1000 

Note: < - Represents less than detectable concentrations. 
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pretreatment, the filtered samples were analyzed for phenolics (4-AAP), TOC, TDS, total-
Fe and total Mn by KER, and for the SLP-PAH list by RMAL. The pretreated 3-well 
composite sample was carried through the ACT evaluation with the effluent sample 
analyzed for phenolics (4-AAP), total Fe and total Mn by KER, and the SLP-PAH list by 
RMAL. This ACT run simulated 80 gpm of groundwater being treated through a 20,000 
lb. in series double bed carbon unit with a contact time of 5-6 minutes. The ACT treated 
effluenLiS^pJ®-was_coll^ed at a time corresponding to^^^rbon use rate of 1.04 lb. of 

/cMbon per 1,000 gallons of water treat^^ —~ 

Results and Discussion 

Analytical results of the 2-well composite sample testing are summarized in Table 
4-6 with results of the 3-well composite sample work summarized in Table 4-7. 

For the 2-well composite sample work, the data in Table 4-6 indicate that the 
pretreatment step was very effective in reducing phenolics, iron and manganese. In terms 
of PAHs, the results show that of the four compounds detected in the untreated sample, 
three showed a significant reduction across the sand filter with naphthalene not showing 
any. Otherwise, comparison of the treated and untreated PAH results shows consistent 
results between the HPLC and GC/MS methods. The 2-well composite data also indicate 
that the potentially carcinogenic PAH target NPDES requirement of 0.31 mg/L is not 
exceeded in the pretreated effluent with only three compounds being detected above 0.01 
ug/L The slight increase for benzo(a)anthracene between the "initial untreated" and 
"pretreated" samples is not very significant and may be due to analytical variability. The 
target NPDES requirements for the "other PAH" compounds are exceeded due to the 2,3-
dihydroindene, naphthalene, benzo(b)thiophene and carbazole concentrations present in 
the well discharges at relatively high values. 

For the 3-well composite sample work, the data in Table 4-7 indicate that the 
pretreatment step was again very effective in reducing groundwater concentrations of 
phenolics (4-AAP) and total-Fe; total-Mn was not reduced to any significant extent. PAH 
reductions through the pretreatment step were similar to the 2-well composite sample with 
some of the PAHs being reduced more than others. Naphthalene was not reduced to any 
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TABLE 4-6 

TWO WELL ACT COMPOSITE SAMPLE RESULTS 

PARAMETER INITIAL PRETREATEO 
UNTREATED | 

CONVENTIONAL (mg/L): 
Phenolics (4-AAP) 0.042 0.007 > 
Total Dissolved Solids 712 861 
Total Organic Carbon 4.87 4.14 

METALS (mg/L): 
Iron-Total 1.890 <0.100 

; Manganese-Total 0.430 0.048 

PAH (ug/L) (by HPCL) (by GC/MS) 
POTENTIAL CARCINOGENIC : 
Guinoline NA <0.010 
Benzo(a)anthracene <0.020 0.026 
Chrysene <0.150 0.028 
Benzolb)fluoranthene <0.020 0.014 
Benzol k} f I uoranthene <0.020 <0.010 
Benzola)pyrene <0.020 <0.010 
Indenoll,2,3-c,d)pyrene <0.050> <0.010 
D,ibenzla,h)anthracene <0.030 <0.010 
Benzolg.h, Dperylene <0.050 <0.010 

1 Total Detectable PAH 1 0.000 1 0.068 1 

OTHER PAH lug/L): 
2,3-Benzofuran NA <0.010 
2,3-Dihydrolndene NA 37.00 
Indene NA <0.010 
Naphthalene 142 140.0 
Benzolb)th1ophene NA 28.00 
Indole NA 0.023 
2-Methylnaphthalene NA <0.010 
1-Methylnaphthalene NA <0.010 
Biphenyl NA <0.010 
Acenaphthylene 23.1 0.027 
Acenaphthene 5.28 <0.010 
Dibenzofuran NA <0.010 
Fluorene 1.24 <0.010 
Dibenzothiophene iNA 0.058 
Phenathrene <0.500 0.250. ' 
Anthracene <0.500 <0.010 : 
Acrldlne NA <0.010 
Carbazole INT 13.00 . 
Fluoranthene <0.200 1 0.082 
Pyrene <0.200 0.055 
Benzole)pyrene NA <0.010 
Perytene NA <0.010 

1 Total Detectable PAH 1 171.6 , 1 218.5 1 

Note: Conventfonal, Netals. and HPLC analyses by KER. 
GC/NS analyses iby RNAL. 
NA - Indicates not analyzed. 
INT - Indicates Interference. 
< - Represents less than detectable concentrations. 
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TABLE 4-7 

THREE WELL ACT COMPOSITE SAMPLE RESULTS 

PARAMETER INITIAL PRETREATED ALT TREATED 
UNTREATED ACT INFLUENT EFFLUENT 

CONVENTIONAL (mg/L): 
; PhenolICS (4-AAP) 0.030 <0.005 <0.005 

Total Dissolved Solids 569 643 NA 
Total Organic Carbon 2.86 3.03 NA 

METALS (mg/L): 
Iron-Total 1.640 0.165 <0.100 
Manganese-Total 0.287 0.218 NA 

PAH (ug/L) (by HPLC) (by GC/MS) (by GC/MS) 
POTENTIAL CARCINOGENIC: 
Quinoline NA <0.010 <0.010 
Benzo(a)anthracene 0.024 <0.010 <0.010 
Chrysene <0.150 0.012 <0.010 
Benzolb)fIuoranthene <0.020 <0.010 <0.010 
Benzo(k)f>luoranthene <0.020 <0.010 <0.010 
Benzo(a)pyrene <0.020 <0.010 <0.010 
Indeno(1i,2,3-c,d)pyrene <0.050 <0.010 <0.010 
D1benz(a,h)anthracene <0.030 <0.010 <0.010 
Benzo(g,h, Dperylene <0.050 <0.010 <0.010 

1 Total Detectable PAH | 0.024 | 1 0.012 1 0.000 1 

OTHER PAH (ug/L): 
2,3 Benzofuran NA 0.190 <0.010 
2,3-dlhydroindene NA 12.00 <0.010 
Indene NA 0;011 <0.010 
Naphthalene 80.6 56.00 0.079 
Benzo(b)thiophene NA 12.00 <0.010 
Indole NA <0.010 <0.010 
2-Methylnaphthalene NA 0.380 0.013 
1-MethyInaphthalene NA 2.000 0.010 
B1phenyl NA 0.260 <0.010 
Acenaphthylene 22.0 <0.010 <0.010 
Acenaphthene 5.28 1.600 <0.010 
01benzofuran NA 0.330 <0.010 ' 
Fluorene 2.02 0.380 . <0.010 
Dibenzothlophene NA 0.044 <0.010 , 
Phenathrene 1.05 0.230 <0.010 
Anthracene <0.500 <0.010 <0.010 
Acrldlne NA <0.010 <0.010 . 
Carbazole INT 9.600 <0.010 
FIuoranthene 0.287 0.099 <0.010 
Pyrene <0.200 0.058 <0.010 
Benzo(e)pyrene NA <0.010 <0.010 
Perylene NA <0.010 <0.010 

1 Total Detectable PAH 1 111.2 1, 95.18 1 0.102 1 

Note: Conventional, Netals, and HPLC analyses by KER. 
GC/NS analyses by RNAL. 
NA - Indicates not analyzed. 
INT - Indicates Interference. 
< - Represents less than detectable concentrations. 
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majpr extent and there was also a rather good comparison between the HPLC and 
GC/MS results for naphthalene. This good comparison for both the 2- and 3-well 
composite samples further supports that naphthalene analysis by HPLC could be used for 
operational monitoring purposes of a sand filtration/activated carbon column treatment 
system. 

Results of the ACT work performed on the 3-well composite sample and 
summarized in Table 4-7 demonstrate the effectiveness of sand filtration/activated carbon 
for treatment of St. Louis Park site groundwaters. Corresponding to a carbon use rate 
of 1.04 lb. of carbon per 1,000 gallons of groundwater treated, the data presented show 
that naphthalene and methylnaphthalenes were detected in the treated effluent but at 
concentrations far below the target NPDES requirement for "other PAH". It should be 
pointed out however, that the results of the ACT work are questionable because C^gqn 
pressure filtered the sample_submitted_to them prior to the ACT run. _ As cited in 
Appendix D (Calgon's ACT Report), this resulted in removal of naphthalene onto the 
filter material, with no naphthalene being detected at 1 ug/L in the feed to the ACT 
column. Thus, it is not known what the naphthalene concentration applied to the ACT 
column was, as well as the concentration of other PAH compounds. Appendix C contains 
Calgon's ACT evaluation report. 
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5.0 ONSITE PILOT-SCALE STUDY 

This section addresses the onsite pflot-scale treatability work which was carried out 
at the St. Louis Park site. The treatment system evaluated included potassium 
permanganate (KMnO^) chemical oxidation with sand filtration, followed by activated 
carbon column treatment. The remainder of this section gives: (i) a detailed description 
of the pilot-scale unit, (ii) to operation and monitoring procedures, and (iii) results and 
discussion. 

5.1 Pilot-Scale Unit Description 

A sand filtration/activated carbon pilot system was set up to treat a flow 
proportioned side stream from wells W420 and W421 at the St. Louis Park site. 
Groundwater from well W23 was not included in the pilot program because it would have 
been too difficult to transport water from the location of W23 to the location of 
W420/W421 where the pilot-scale unit was set-up. This is not a significant issue since all 
three wells contain the same PAHs plus the fact that the respective chemical 
concentrations of W23 are generally an order of magnitude lower than W420 and W421. 
Thus, a worst case groundwater was tested during the pilot work. The pilot system 
included chemical oxidation and sand filtration for removal of soluble iron and manganese. 
This was followed by a series of three activated carbon columns for treatment of organic 
contaminants. Figure 5-1 shows a schematic of the pilot-scale system operated. 

The influent was a flow proportioned side stream firom wells W420 and W421. 
The flowrate from W420 was approximately 315 ml/minute and the flowrate from W421 
was approximately 190 ml/minute. The combined flowrate of 505 ml/minute from the two 
wells exceeded the influent flowrate of 380 ml/minute to the pilot unit from influent mix 
tank. The excess flow was allowed to overflow to the sanitary sewer thus eliminating the 
need for low level pump controls and ensuring a constant flow to the sand filter. These 
flowrates are also cited in Figure 5-1. 
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FIGURE 5-1 

PILOT-SCALE ACTIVATED CARBON TREATMENT SYSTEM 
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Continuous oxidation of the soluble iron was achieved in a 5-gallon influent mixing 
tank (INKINK) by the addition of 0.1 molar KMnO^ solution fed at approximately 0.1 
ml/minute. This resulted in KMnO^ being added at a influent dosage of 3.1 mg/L. Based 
on results of the laboratory pretreatment evaluation work discussed in Section 4.0, it was 
anticipated that this dosage would approximately correspond to a KMnO^ soluble Fe 
ration of 1:2 and a KMnO^ soluble Mn ration of 2:1. 

Water from the influent tank was then pumped to a fixed bed dual media sand 
filtration colunm (SPG). The sand column was four inches in diameter and contained an 
18-inch bed of anthracitic coal with an effective size of 8.5 to 9.5 mm and a maximum 
uniformity coefficient of 1.70; and an 18-inch bed of sand with an effective size of 0.48 
mm and an uniformity coefficient of 1.46. Grain-size distribution of the sand used is 
graphed in Figure 5-2. The hydraulic loading to the sand column was 1.15 gpm/ft^. The 
sand column was backwashed at a hydraulic loading of 12.0 gpm/ft^. The backwash 
containing the precipitated filtered solids of iron and manganese was discharged to the 
sanitary sewer. 

From the sand column, the pretreated groundwater passed through a series of 
three activated carbon columns. Each of the carbon colunms was 2.5 inches in diameter 
and had a hydraulic loading of 2.9 gpm/ft^. The carbon used was virgin U.S. Standard 12 
X 40 mesh carbon with an apparent bulk density of 27.5 lbs/ft^; the carbon was obtained 
from Tigg Corporation of Pittsburgh, Pennsylvania. The first (ACl) and second (AC2) 
activated carbon columns each had 36-inch bed depths and contained approximately 2.8 
lbs. of carbon. The third (AC3) activated carbon column had a 48-inch bed depth and 
contained approximately 3.8 lbs. of carbon. The empty bed contact time for columns ACl 
and AC2 was approximately 7.5 minutes. The empty bed contact time for column AC3 
was approximately 10 minutes. Jointly, the carbon pilot unit simulated carbon column 
treatment with total empty bed contact time of approximately 25 minutes. 

From the carbon columns, the treated water was collected in a 30-gallon tank 
which also served as a reservoir for backwashing the sand filtration column and the 
carbon columns as needed. For backwashing purposes, the columns measured between 

Treatability Study Report for Treatment of PAGE - 29 
Pumped Groundwaters at St. Louis Park, Minnesota 



FBGURE 5-2 

GRAIN SIZE DISTRIBUTION GRAPH OF SAND 
MEDIA IN PILOT-SCALE FILTRATION COLUMN 
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60 to 72 inches in height. Each column was also equipped with a pressure gauge to 
indicate headlosses across each column and which also served to indicate any signs of 
plugging flow restriction. 

5.2 Operation and Monitoring 

The pilot unit was started up on March 28, 1989, and operated through October 
17, 1989. The first analytical sampling was performed on March 29, 1989, after the 
system had time to come to equihbrium. As cited in Table 5-1, the October 17 date 
corresponds to approximately 29,232 total gallons of groundwater treated over a 203 day 
period; and computed carbon loadings of approximately 0.10 lb/1,000 gallons for Column 
1, 0.19 lb/1,000 gallons for Columns 1 and 2 combined, and 0.32 lb./l,000 gallons for all 
three columns combined. 

Operation and monitoring of the onsite treatability pilot work was performed as 
related to: 

Daily Monitoring and Maintenance. 
Pretreatonent. 
Carbon Column Breakthrough Monitoring. 
NPDES Permit Sampling. 
Sand Filter Backwash Water Monitoring. 

The analytical sampling schedule carried out during the study is summarized in 
Table 5-2. The analytical sampling weeks identified correspond to the same weeks and 
dates cited in Table 5-1. As given in Table 5-2, an extensive sampling program was 
carried out to evaluate pretreatment, carbon column breakthrough, NPDES permit issues 
and water quality of the sand filter backwash. 

Treatability Study Report for Treatment of PAGE - 31 
Pumped Groundwatera at St. Loula Park, MInneaota 



TABLE 5-1 

SUMMARY OF GROUNDWATER VOLUME TREATED 
AT RESPECTIVE SAMPLING DATES 

1 ANALYTICAL 
1 SAMPLING 
1 DATE 

ANALYTICAL 
SAMPLING 

WEEK 

CUMMULATIVE 
DAYS OF 

OPERATION 

CUMMULATIVE 
GALLONS OF 

WATER 
TREATED 

COMPUTED CARBON LOADINGS | 
(POUNDS OF CARBON/1000 GALLONS TREATED) | 
COLUMN 1 1 COLUMN 1, & 2 | COLUMN 1,2, & 3 j 

1 1 1 

1 March 28, 1989 Start-up 
1 

-! 
1 March 29.1989 1 1 144 19.44 38.89 1 65.28 1 
1 April 3. 1989 2 6 864 3.24 6.48 1 10.88 1 
1 April 10, 1989 3 13 1872 1.50 2.99 1 5.02 1 
1 April 17, 1989 4 20 2880 0.97 1.94 1 3.26 1 
1 April 2A, 1989 5 27 3888 0.72 1.44 1 2.42 1 
1 May 1, 1989 6 34 4896 0.57 1.14 1 1.92 1 
1 May 8, 1989 7 4r 5904 0.47 0.95 1 1.59 1 
1 May 15, 1989 8 48 6912 0.41 0.81 1 1.36 1 
1 May 22, 1989 9 55 7920 0.35 0.71 1 1.19 1 
1 June 5, 1989 11 69 9936 0.28 0.56 1 0.95 1 
1, June 19, 1989 13 83 11952 0.23 0.47 1 0.79 1 
1 July 3, 1989 15 97 13968 0.20 0.40 1 0.67 1 
1 July 17, 1989 17 111 15984 0.18 0.35 1 0.59 1 
1 July 31, 1989 19 125 18000 0.16 0.31 1 0.52 1 
1 August U, 1989 21 139 20016 0.14 0.28 1 0.47 1 
1 October 2, 1989 28 188 27072 0.10 0.21 1 0.35 1 
1 October 17, 1989 30 202 29088 0.10 0.19 1 

1 
0.32 1 
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TABLE 5-2 

ANALYTICAL SAMPUNG SCHEDULE 

! PRRRHETERS 
: 

i - STRERN -
: INF IHFTHK SFCEFF 
! : ! 
ES==SZ=SSSSS==SS=SSSSS=3S=S=====S 

I : 
: CONVENnONRL: 
: Phsnollcs M-RKP) I 1,7,13 

pH <untt3> 
Total Dlaselvod Solids 
Total Suspandad Solids 
BiochoHical OH^qan Danand 
Chanical Oimgan Danand 
Total Organic Carbon 
Oil and Oreasa 
Hardnass Cas CaC03> 

NUTRIENTS! 
Orthophosphata as P 
Rnnonta Nitrogan as N 
Nitrita as N 
Nitrata as H 

HETRLSi 
Iron-Total 
Iron-Farrous 
Iron-Filtarad 
Hanganasa-Total 

: PRH bg HPLCi 

! 
: PRH bg OC/HS: 

1 PRIORITV POLLUTRNT SCRNi 
! 
: OTHER PRRRHETERSi 

Tanparatura 
: pH 
: Conductivitg 
: 0.0. 

0 
0 
0 
30 

: 

1,7.13 
1,7,13 
1,7,13 
1,7,13 
1,7,13 
1.7,13 
1,7,13 
1,7,13 

1,7,13 
1,7,13 
1.7,13 
1,7,13 

1.7.13 
1,7,13 
1,7,13 
1,7,13 

1,13 

1,7,13 

1,13 

1-9 

1-9 

1-9 

1-9 

1-9 

: 

1-9,13,17, 
21,28,30 

1-9' 

1-9 

1-9 

RCIEFF 

2-9,11,13, 
19,17,19, 
21,20,30 

1-9,13,17, 
21.28,30 

RC2EFF RC3EFF BHl 

1-9 : 1-9 ! 1-9 
1-9 : 1-9 I 1-9 
1-9 : 1-9 ! 1-9 
1-9 ! 1-9 ! 1-9 

1-9,11,13, 
15,17,19, 
21,28,30 

I,3,5,7,9, 
II,13.15,17 
19,21,28,30 

I.3,5.7,9, 
II,13,15,17 
19,21,28,30 

: 

1.3,5,7,9, 

i ( 
i 1,7,13 

11.13,17, ! 
21,28,30 1 

t 

1 

1,7,13 ! 1,7,13 
1,7,13 I 1,7,13 
1,7,13 1-9 I 1,7,13 
1,7,13 5,7,9 : 1,7,13 
1,7.13 ! 1,7,13 
1,7,13 1-9 ! 1,7,13 
1,7,13 : 1,7,13 
1.7,13 i 1,7,13 ( • 
1,7,13 

1 

! 1,7,13 
1,7.13 : 1,7,13 
1,7,13 I 1.7,13 
1,7,13 ! 1,7,13 

! 
1.7,13 

1 

! 1,7,13 
1,7,13 i 1,7,13 
1.7,13 : 1,7,13 
1,7,13 ! 1,7,13 • • 
1,3,5,7,9, 

• 
5,7,9 

11,13,17. : 
21,28,30 1 • 

1 

1,7,13 ! 1,7,13 
1 

1.13 
1 

: 
I 

0 
1 • 
1 
1 

0 i 
0 : 

30 i 
! 

OR/OC 
BLRHK 

Notai Raspactlva nunbars corraspond to Rnalgtleal Sanpllng Hook glvan In Tabla 5-1. 
Rafar to Rppandln fl Tor spaelfle analgtlcal nathods. 
0 - Oailg nonltorlng. 
Saa Flgura S-1 Tor IdsntiricaUon of raspoctl vo straans. 
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Daily Monitoring and Maintenance 

Daily monitoring and maintenance of the pilot unit was conducted by personnel 
from the City of St. Louis Park Water Department. Daily monitoring included pH and 
conductivity analyses, and recording flowrates and column pressures. Maintenance 
included adjustment of flowrates and column backwashing as needed. All data including 
operational notes were recorded in a standard sheet provided by ReTeC. A copy of the 
standard sheet is provided as Table S-3. 

Pretreatment 

To evaluate the effectiveness of chemical (KMnO^) oxidation/sand filtration 
pretreatment, a sampling program was initiated to track some selected conventional 
parameters, metals and PAHs across the sand filter on a weekly basis during the first nine 
weeks of operation; grab samples were collected weekly. This time period was considered 
sufficient with no further monitoring of parameters across the sand filter performed after 
this initial nine weeks. 

Carbon Column Breakthrough Monitoiiinq 

Phenolics and PAHs were tracked across the three carbon columns during 
operation of the pilot unit. For carbon column 1 (ACl), grab samples were collected of 
the influent and effluent on a weekly basis during the first nine weeks of the study. 
Breakthrough in Column 1 (ACl) for either naphthalene or phenolics (4-AAP) was 

\ 
estimated, based on published isotherm data [5], to be achieved within the first 48 days 
of the study. However, breakthrough was not achieved as anticipated, and biweekly 
sampling of ACl was implemented for phenolics and PAHs through Week 21, with two 
more similar samplings performed during Week 28 and Week 30. A periodic sampling 
program for phenolics 
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5-3 

PILOT-SCALE OPERATIONAL MONITORING SHEET 

D^i,;Y WoTkahaati 

Carbon Pilot Unit 
Reilly Induatrles 
St.. Louis Park, HN 

P^aaas e^;i! 

1. Paul Chavez at W 412/ 826-3340 
H 412/ 733-5018 

2. John Saith at W 412/ 765-0366 
H 412/ 242-5998 

Parasetera; IMF 
TNK 

EFF 
TNK 

Temperature 
PH 
Conductivity 
Dissolved Oxygen 

Flow Rates! 

KHnO. 
W420 
W421 
Total Column Influent 

_u-mohs/cm 
_mg/L 

u-aohs/cm 
_mg/L 

_ml/mi'n 
. gal/hr 
gal/hr 
gal/hr 

^^lcky^sh; 

Column 
Initial Flow 
Praasure 
Backwash Rate 
Backwash Time 
Final Flow 
Final Presure 

SFC 
• gal/hr 
_paig 

ACl AC2 AC3 

_gal/min 
j»ln 
jgal/hr 
_paig 

_psig 
_gal/mln 
J»in 

_palg 
jgal/mln 
.sin 

_psig 
jgal/min 
_min 

_psig _palg _psig 

Notes and observations: 

Record additional notes on the back of this page. 

Time:. 
Data:. Sampler:. 

Backwash SFC column dally, back pressure not to exceed 20 psig. 
Columns ACl, AC2, ACS to be backwashed if pressure exceeds 20 psig. 
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and PAHs was carried out for Columns 2 and 3 (AC2 and AC3) with the specific 
schedule given in Table 5-2. 

NPDES Permit Sampling 

The influent (INF) and final carbon column effluent (AC3EFF) were monitored for 
conventional parameters, metals, nutrients, and PAHs by both HPLC and GC/MS at the 
beginning of the study (Week 1), at Week 7, and at Week 13. In addition, a Priority 
Pollutant Scan was performed on the influent and effluent water at the beginning of the 
study and at Week 13. The purpose of these analyses was to gather data to be used with 
regard to NPDES permit issues. All samples collected were grab. 

Sand Filter Backwash Monitoring 

During the first nine weeks of operation, grab samples were collected weekly of the 
sand filtration backwash water and analyzed for total suspended solids (TSS) and total 
organic carbon (TOG). During weeks 5, 7, and 9, grab samples were also collected for 
BOD and PAH analyses. Backwash water collected during weeks 5 through 9 was saved 
for analysis of the filtered solid for the PAH-SLP list by GC/MS. Solid material was 
allowed to settle, and the clear supernatant was decanted. The settled material was 
filtered using a 1.5 um filter. The filter cake was submitted to RMAL for SLP-PAH 
analysis when enough filtered material was collected for analysis. 

5.3 Results and Discussion 

Results of the onsite treatability pilot work are presented and discussed with regard 
to the same five categories cited in the preceding sub-section. 
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Dally MonHotlna 

In terms of operation of the pilot-scale treatment unit, daily recorded pressures for 
the sand filter generally ranged between 0 to IS psig. Initially, the sand filter was 
backwashed every third day but this resulted in ACl achieving a pressure of 10 psig. At 
this time, ACl was backwashed and a daily backwashing of the sand filter was 
implemented. This resulted in recorded pressures for the carbon columns ranging 
between 0 to 2 psig. This low pressure range supports that the chemical oxidation/sand 
filtration pretreatment step was effective in removing precipitated solids firom the 
groimdwater stream being treated, thus reducing the potential for plugging or fouling of 
the carbon columns. Daily backwashing for the sand filtration column represented 
approximately 21 percent of the daily flowrate to the treatment system which was 
maintained at approximately 144 gpd; thus the sand filter backwash flowrate was 
approximately 30 gpd. 

Results of the daily monitoring are summarized in Table 5-4 for temperature, pH, 
and conductivity. As given, there was not much variation of these parameters over the 
course of the study for both the influent and effluent as evidenced by the narrow range 
between the upper and lower 95 percent confidence limits (U95%, L95%) of the averages 
cited. There was also not much variation between the influent (INF) and the final treated 
effluent (AC3EFF) averages given for the respective parameters monitored. In addition, 
replicate Dissolved O^^gen (DO) measurements, using a standard YSI o^^gen meter, were 
taken of the influent and the AC3 effluent during Week 30. 

Completed copies of the Daily Pilot-Scale Unit Operational Monitoring Sheets 
(Table 5-3) are available upon request. 

Pretreatment 

Analytical data results of the sampling performed on the chemical oxidation/sand 
filtration pretreatment process are given in Tables 5-5 and 5-6 for the influent (INFTNK) 
and effluent (SFCEFF), respectively, across the sand filtration column. Comparisons 
between the INFTNK and the SFCEFF should be made for the first nine weeks of 
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TABLE 5-4 

SUMMARY OF DAILY MONITORING PARAMETERS 

TEMPERATURE 
(C) 

IHFLUENT EFFLUENT 

PH 
(units) 

INFLUENT EFFLUENT 

AVG j 11.7 
1 

15.5 1 
1 

7.02 
1 

6.95 1 
1 

926 1033 

MAX 1 14.0 
1 

20.0 1 
1 

7.30 
1 

7.80 1 1025 1250 

NIN 1 10.0 
1 

11.0 1 
1 

6.20 
1 

6.60 1 800 900 

STD 1, 0.8 
1 

2.1 1 
1 

0.11 
1 

0.13 1 47 89 

U9SX 1 11.9 
1 

15.9 1 
1 

7.05 
1 

6.98 1 
1 

935 1051 

L95X 1 11.6 
1 

15.1 1 
1 

7.00 
1 

6.93 1 
1 

917 1016 

CONDUCTIVITY i 
(unnhs/cin) 

INFLUENT EFFLUENT 
ssaassassassszsaai 

Note: Data repersent 106 sampling during weeks 1-13 of operation. 
AVG - Average sample value. 
MAX - Haxinun sample value. 
>NIN - Nininun sample value. 
STD - Sample standard deviation. 
U95X - Upper bound 95X confidence limit. 
L95X - Lower bound 9SX confidence limit. 
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TABLE 5-6 

SAND FILTRATION COLUMN EFFLUENT (SFCEFF) 
SAMPLING RESULTS 

! Pftfrnnerei^s 
J 

NO. OP 
PAN MHOS UKt UNO UK3 

RNPLVTICNL UCEK 
UM UKB UNO UK7 UK9 

COHVEHTlOHflL <M/L> t 
PhMltcm <N-RRP> 
pH <unit«> 
Tokml Su«p*n4»d Sol*d* 
rok9l Organic C^rbof* 

NETALS (HQ/DI 
lrofi-rot*f 
lron-F*rrou« 
IrotA-Pil^md 

PAH bv-HPLC <U9/L>S 
Carbacol* 
Haphthalana 
Aeanaphth^lan* 
Reanaphbhan# 
Pluorana 
PhanantKrana 
Rnthr*aeana 
Fluoranthatia 

'Banco <a> an^hracana 
Chpuoana ^ 

' Banco<b>fluoranthan# 
P—";o<l(>riuoranbhaft# 

^oCa>p9rana y 
I Di banco <a.h> anbhracdno • 

BancoCothfi^parulan# y 
.:^Indano<lp3»B-epd>puf'*n* ̂  

0.030 
7.2 

e.oo 
7.3S 

0.02S 
7.S 

d.OO 
d.dl 

0.020 
7.d 

1.00 
101 

0.019 
7.S 

< 1.00 
11.7 

< 0.005 
7.6 

< 1.00 
S.S9 

0.009 
7.0 

5.00 
7.90 

O.Odd 
7.5 

3.00 
6.99 

< 0.005 
7.6 

1.00 
7.16 

0.009 
7.d 

3.00 
0.52 

; 0.100 6.590 < 0.100 < 0.100 < 0.100 < 0.100 0.150 < 0.100 < 0.100 
: 0.100 < 0.100 < 0.100 < 0.100 < 0.100 < 0.100 < 0.100 < 0.100 < 0.100 
; 0.100 2.100 < O.IQO < Q.IOQ < Q.IQO < O.IQQ < 0.100 < 0.100 < 0.100 
0.022 7.060 0.166 0.091 0.031 0.256 0.296 0.160 0.095 

2.d9 <2.00 <2.00 <2.00 IHT INT IHT 16.7 INT 
799 950 311 110 559 672 10.2 732 676 
39.0 99.9 17.3 <2.00 6.07 INf IHT <20.0 IHT 
31.0 50.2 36.0 <2.00 19.9 ld.9 <2.00 <20.0 19.7 
9.03 19.0 11.6 9.63 6.79 ll.d 13.1 9.25 11.3 
5.66 9.16 5.93 1.61 9.76 6.79 9.72 7.02 0.25 

<0.500 0.503 <0.500 <0.500 <0.500 <0.500 2.21 <0.500 <0.500 
<0.200 <0.200 <0.200 <0.200 <0.200 <0.200 0.216 <0.200 <0.200 
<0.200 <0.200 <0.200 <0.200 <0.200 <0.200 0.262 0.209 <0.200 
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
<0.150 <0.160 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
<0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 
<0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 
<0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

025.90 1066.5 383.33 121.99 591.97 709.53 30.71 767.17 910.26 Total Datactabla PRH 

PRAArtETERS NO. OP 
PAH AINOS IIK19 

ANRLVTICAL WEEK 
UK17 UK21 IIIC20 tIKSO 

CONVENTZ ONAL CM9/L> f 
<d*AAP> 

PAH bv HPLC <ua/t>l 
Capbacolo 
Haphthalana 
Aeanpphth^lano 
Reanaphthana 
Pluopana 
Phananthrana 

0.016 < 0.005 0.012 0.017 < 0.005 

Fluoranthano 
P^ano 
Banco Ca> anthr aeano 
Chr^oana 
Banco(b>fluoranthana 
Banco <k)f1uoranthan# 
Banco Ca> pyrana 
Oftbanco <a•h> anthraeon* 
Banco <9 » h » i > por^land 
1 ndano < 1 p 2 p 3-e »d> p9FP**d 

i Fatal Dotoctablo PAH 

9.12 6.97 <2.00 971 68.0 
683 97.5 <2.00 900 960 
56.6 137 <2.00 <20.0 <20.0 
99.7 <20.0 3t.a <20.0 88.0 
12.7 13.7 11.3 22.9 22.2 
0.73 11 6.96 13.9 9.50 

<0.500 <0.500 <0.500 1.20 1.27 
0.355 <0.200 <0.200 <0.200 0.560 
<0.200 <0.200 <0.200 0*669 1.71 
0.033 <0.020 <0.020 <0.020 <0.020 
<0.150 <0.150 <0.150 <0.160 <0.160 
<0.020 <0.020 <0.020 <0.020 <0.020. 
<0.020 <0.020 <0.020 <0.020 <0.020 
<0.020 <0.020 <0.020 <0.020 <0.020 
<0.030 <0.030 <0.030 <0.030 <0.030 
<0.050 <0.060 <0.050 <0.060 <0.050 
<0.050 <0.060 <0.080 <0.080 <0.080 

719.23 218.17 50.06 1988.8 698.29 

Natal Anal9000 by K^A 
INf - Indieata* Intarforanco. 
< - Ropraoantd «*an dotoctablo concontroti one. 
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monitoring, results of the SFCEFF, during Weeks 13, 17, 21,18 and 30, applied to carbon 
colunm breakthrough monitoring. 

The influent tank results (Table 5-5) show that the groundwater quality remained 
fairly constant in terms of pH, TSS, total iron and total manganese during the nine week 
sampling, period. It is noteworthy that the manganese concentrations cited represent 
increases above that present in the pumped groundwater due to the addition, of KMnO^ 
to the influent tank. Results of manganese and iron concentrations prior to KMnO^ 
addition are given in the Section 5.0 sub-section entitled, "NPDES Permit Sampling". The 
data in Table 5-5 give that the total iron detected was soluble and in a oxidized state 
based on the fact that reduced ferrous iron (Fe^'*') was not detected and that filtered iron 
concentrations were approximately the same as the total iron concentrations; exceptions 
are noted for weeks 6 and 7. This observation supports that while the iron was oxidized 
in the influent tank via KMnO^ chemical oxidation, precipitate formation (i.e., Fe(OH)j) 
was not pronounced enough to where the iron was removed through a 0.45 Mn filter. 

Some of the PAHs detected in the influent tank (e.g., naphthalene) did vary 
somewhat during the nine week sampling period. Only the 2- and 3-ring PAHs were 
detected with none of the potentially carcinogenic 4-, 5- and 6-ring PAHs detected at the 
reporting limits cited. 

The sand filtration colunm effluent results (Table 5-6) support that the 
pretreatment step worked quite well in terms of removing iron and manganese from the 
groundwater prior to carbon treatment, an exception is to be noted for week 2. Week 
2 sample results show iron and manganese values above the influent tank values as a 
result of overloading of the sand filter. The D^FTNK and SFCEFF results for total iron 
and manganese are graphically presented in Figures 5-3 and 5-4, respectively. 

Conversely and as anticipated, phenolics (4-AAP), TOC and PAHs were not 
appreciably removed across the sand column. Total detectable PAH results across the 
sand column are graphically illustrated in Figure 5-5. Exceptions in terms of PAHs across 
the sand filter are to be noted for weeks 3, 7 and 9, possibly due to sampling and 
analytical variability. 
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FIGURE 5-3 

IRON CONCENTRATIONS FOR SAND FILTER 
INFLUENT AND EFFLUENT 
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FBGURE 5-4 

MANGANESE CONCENTRATIONS FOR SAND FILTER 
INFLUENT AND EFFLUENT 
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FIGURE 5-5 

TOTAL PAH CONCENTRATIONS FOR THE SAND FILTER 

INFLUENT AND EFFLUENT 
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Carbon Column Breakthrough Monitoring 

Phenolics and PAH monitoring results of the three carbon column effluents are given in 
Tables 5-7 through 5-9. These results very substantially support that activated carbon 
treatment is very effective for treatment of pumped groundwaters at the St. Louis Park 
site. Analytical results of the pretreated groundwater applied to carbon column 1 
(SFCEFF) were previously cited in Table 5-6. 

Except for just detectable concentrations of fluorene and phenanthrene at Week 
2, column 1 effluent results in Table 5-7 cite no detectable concentrations of PAHs until 
naphthalene was measured at Week 17. Subsequently, naphthalene was detected in ACl 
effluent at Week 19, 28 and 30 along with acenaphthylene, acenaphthene and fluorene 
being detected somewhat randomly (i.e., sometimes they were detected and sometimes 

they were not). Also, no PAHs were detected at Week 21. This randonmess with which 
the PAHs in the ACl effluent were detected is not consistent with activated carbon 
adsorption mechanisms. Once specific PAH compounds are detected in the column 
effluent, their concentrations should consistently increase until they equal their respective 
influent concentrations. This is not the case observed. Rather, the effluent PAHs 
detected were random and with naphthalene ranging between approximately 20 to 40 ug/L 
during Weeks 19 through 30 with influent (SFCEFF) values ranging between 

approximately 500 to 1,000 ug/L for the entire operating period. The fact that 
naphthalene was detected in the column effluent over a 11 week period at a rather 
consistent concentration an order of magnitude below the influent concentration range 
supports that carbon exhaustion for naphthalene did not occur during the 30 week pilot 
study. Rather, the naphthalene being detected at concentrations just above target NPDES 
levels for Total Other PAHs is due to wall effects interfering with adsorption in the pilot-
scale column. Such wall effects will not occur in a full-scale activated carbon process. 

For the case of phenolics (4-AAP), Table 5-7 data shows that detection occurred 
above the target NPDES level of 0.01 mg/L at Weeks 13 and 28, with just above 

detectable concenti'ations measured at Weeks 15, 17 and 19, and none detected at Week 
21. At Week 30, interferences with the analytical method resulted in an 

uncharacteristically high method detection limit of 0.5 mg/L rather than the normal 0:005 

Treatability Study Report for Treatment of PAGE - 45 
Pumped Groundwaters at St. Louis Park, Minnesota 



TABLE 5-7 

ACTIVATED CARBON COLUMN 1 (AC1 EPF) 
SAMPLING RESULTS 

PHRRHETERS 

: COIWEMTIOHHL <iig/L3i 
! Phmsllcs M-RRP) 

I PRH by HPLC CuqA.it 
Carbazol* 

! Naphthalan* 
! Rc*naphthyl*n* 
; Reanaphlhmw 

Fliior*n* 
Phanafithr*n* 
flnthracan* 
Fluoranthan* 
Pyrana 
BanaaCa>anthracana 
Chryaana 
BanaoCblf1uoranthana 
Banao(k>riuoranthana 
BanaoCa>pyrana 
Dibanao<a,h>anthracana 
BanaeCy.h.Dparylana 
1ndano(1.2,3-c,d>pyrana 

HO. OF 
PRH RINGS HKl HK2 

NR < O.OOS 

UK3 

< 0.005 

RNRLPriCRL HEEK 
HKi HK5 ====== HKG UKF HK8 ============ MK3 

< O.OOS < 0,005 < 0.005 < O.OOS < O.OOS < 0.005 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
0.655 
0.B30 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0:050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030' 
<0.050 
<0.050 

! Total Datactabla PRH 0.00 l.dO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

, PRRRHETERS NO. OF RNRLVTICRL KEEK 
! PRH RXNOS UKll UK13 UK 15 HKIF HK15 HK21 HK2B UK30 

: CONUENri ONRL Oiy/L> i 
! Phanolies d-RRPI < O.OOS 0.016 o.oor O.OOB 0.005 < 0.005 0.013' < 0.005 

I PRH by HPLC CuoA.)! 
i Carbaaola 3 <2.00 <2.00 <2.00 <2.00' <2.00 <2.00 2.oa <2.00 
! Naphthalan* 2 <2.00 <2.00 <2.00 5.3P 21.d <2.00 25.30 39.60 
i Rcanaphthylana 3 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 Id.OO Id. 30 
! Rcanaphthana 3 <2.00 <2.00 <2.00 <2.00 2.TT <2.00 6.11 <2.00 
! Flucran* 3 <0.200 <0.200 <0.200 <0.200 0.370 <0.200 0.750 1.100 
I Phananthrana 3 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 ! Rnthracana 3 <0.50O <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 : Fluoranthana d <0.200 <0.200 <0.200 <0.500 <0.500 <0.200 <0.200 <0.200 
J Pvana d <0.200 <0.200 <0.200 <0.500 <0.500 <0.200 <0.200 <0.200 
1 Banao Calanthracana d <0.020 <0.020 <0.020 <0.500 <0.500 <0.020 <0.020 <0.020 ; CIrysana d <0.150 <0.150 <0.150 <0.500 <0.500 <0.150 <0.150 <0.150 
i Banco(b)fluoranthana 5 <0.020 <0.020 <0.020 <0.500 <0.500 <0.020 <0.020 <0.020 : Banco CklFluoranthana <0.020 <0.020 <0.020 <0.500 <0.500 <0.020 <0.020 <0.020 
! BancoCaJpyrana 5 <0.020 <0.020 <0.020 <0.500 <0.500 <0.020 <0.020 <0.020 ; 01banao(a,h>anthracana 5 <0.030 <0.030 <0.030 <0.500 <0.500 <0.030 <0.030 <0.030 ! BancoCg.h.iJparylana 6 <0.050 <0.050 <0.050 <0.500 <0.500 <0.050 <0.050 <0.050 
! IndanoC1,2.3-c.d>pyrana 6 <0.050 <0.050 <0.050 <0.500 <0.500 <0:050 <0.050 <0.050' 

: Total Datactabla PRN 0.0 0.0 0.0 5.d 2d.5 0.0 dB.2 55.0 

NoUi Rnalysls by KER. 
NR - Indlcatas not analyaad. 
< - Raprasants lasa than datactabla eoncantration*. 
• - Indicataa sanpl* ua* danayad In ahtpnant. 
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TABLE 5-8 

ACTIVATED CARBON COLUMN 2 (AC2EFF) 
SAMPLING RESULTS 

; PRRRHETERS NO. OF RHRLVTICRL MEEK : 
: PRH RINOS HKl UX3 UKS UK7 UKS 
==s==s====s======s===s=as s=s==s; 
! CONPEHTIOHRL Cng/L)> : 

Phanolies «-RRP> NR < 0.005 < 0.005 < 0.005 < 0.005 ; • 
PRH bg HPLC (ug/L)i 

1 
1 
1 

: Carbacola 3 <2.00 <2.00 <2.00 <2.00 <2.00 
; Naphthalan* 2 <2.00 <2.00 <2.00 <2.00 <2.00 

Rcanaphthglana 3 <2.00 <2.00 <2.00 <2.00 <2.00 ! 
Reanaphthana 3 <2.00 <2.00 <2.00 <2.00 <2.00 : 
Fluorana 3 <0.200 <0.200' <0.200 <0.200 <0.200 ! 
Phananthrana 3 <0.500 <0.500 <0.500 <0.500 <0.500 ! 
Rnthracan* 3 <0.500 <0.500 <0.500 <0.500 <0.500 : 
Fluoranthana i <0.200 <0.200 <0.200 <0.200 <0.200 
Pgran* < <0.200 <0.200 <0.200 <0.200 <0.200 : 
Banco Ca> anthracana < <0.020 <0.020 <0.020 <0.020 <0.020 
Chrgiana i <0.150 <0.150 <0.150 <0.150 <0.150 
Banco Cb> f 1 uor anthana 5 <0.020 <0.020 <0.020 <0.020 <0.020 ; 
Banco(k> f1uoranthana 5 <0.020 <0.020 <0.020 <0.020 <0.020 
BancoCalpgrana 5 <0.020 <0.020 <0.020 <0.020 <0.020 ; 
01banco<a,h>anthracana 5 <0.030 <0.030 <0.030 <0.030 <0.030 : 
BancoCg.h,i>parglana 6 <0.0501 <0.050 <0.050 <0.050 <0.050 : 
IndanoCI.2,3-c.dlpgrana 6 <0.050 <O.OSO <0.050 <0.050 <0.050 ; 

: Total Datactabla PRH 0.00 0.00 0.00 0.00 0.00 : 

: PRRRHETERS NO. OF RHRLVTICRL HEEK 
PRH RINOS UKll HK13 UK15 UK17 UKIS 

; CONVENTIOHRL Cng/Ui 
; Ph«nolies M-RRP) 

i PRH bg HPLC Cug/>| 
: C«rbaiel* 
: Naphthalan* 

Rcanaphthglan* 
Reanaphthana 
Fluorana 
Phananthrana 
Rnthracan* 

i Fluoranthana 
! Pgrana 

BancoCa)anthracana 
Chrgsana 
BancoCb>riuoranthana 
BancoCk>riuoranthana 
BancoCaJpgrana 
Oibanzofa.hJanthracan* 
Banco(g,h.i>parglana 

! IndanoCl,2,3-c.d}pgrono 

< 0.005 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.ISO 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

HK21 

0.007 < 0.005 < 0.005 < 0.005 < 0.005 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

11X20 UK30 

0.006 < 0.005 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

Total Datactabla PRH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Not*I Rnalgsas bg KER 
MR - Indteatas not analgcod. 
< - Rapraoanto losa than datactabla eoncantratlons. 
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TABLE 5-9 

ACTIVATED CARBON COLUMN 3 (AC3EFF} 
SAMPUNG RESULTS 

1 PRRRNETERS NO. OF RNRLYTICRL WEEK 1 
1 PRH RIN8S HKl UIC3 UK5 HK7 UK9 1 

I CONVENTIONRL Cmg/Lll 1 
1 Phanollea <4-RRP) 
1 

NR < 0.003 < 0.005 < 0.005 < 0.005 1 
1 

1 PRH bg HPLC Cug/LJi 
1 

1 
1 Carbazola 3 <2.00 <2.00 <2.00 <2.00 <2.00 1 
1 Naphtha1ana 2 <2.00 <2.00 <2.00 <2.00 <2.00 1 
1 Roanaphthglana 3 <2.00 <2.00 <2.00 <2.00 <2.0O 1 
1 Roanaphthana 3 <2.00 <2.00 <2.00 <2.00 <2.00 1 
1 Fluorana 3 <0.200 <0.200 <0.200 <0.200 <0.200 1 

3 <0. 300 <0.500 <0.500 <0.500 <0.500 1 
1 Rnthracana 3 <0.500 <0.500 <0.500 <0.500 <0.500 1 
1 Fluoranthana A <0.200 <0.200 <0.200 <0.200 <0.20O 1 
1 Pgrana A <0.2O0 <0.200 <0.200 <0.200 <0.200 1 

A <0.020 <0.020 <0.020 <0.020 <0.02O 1 
1 Chrgsane A <0.ISO <0.150 <0.150 <0.ISO <0.150 1 
1 Benzo<b>Fluoranthana 3 <0.020 <0.020 <0.020 <0.020 <O.02O i 
1 BanzoCkIFluoranthana 5 <0.020 <0.020 <0.020 <0.020 <0.020 1 
1 Banco Calpgrana 5 <0.020 <0.020 <0.020 <0.020 <0.020 1 
1 DibanzoCa.hlanthracana 5 <0.030 <0.030 <0.030 <0.030 <0.030 1 
l> BanzoCg.h, ilparglana 6 <0.050 <O.O50 <0.050 <0.050 <0.050 1 
1 lndano(1.2.3-e, dlpgrana 6 <0.050 <0.050 <0.050 <0.050 <0.050 1 

1 Total Oateetabla PRH O.OO 0.00 0.00 0.00 0.00 1 

PRRRMETERS NO. OF 
PRH R1N05 

:aa===ss=a==sss==s==s=a3==sssas 
CONVENTIONRL (mg/'Di 
Phanollea C4-RflP> 

PRH bg HPLC (ug/Di 
Carbaaol* 3 
Naphtha1ana 2 
Roanaphthglana 3 
Reanaphthana 3 
Fluorana 3 
Phananthrana 3 
Rnthracana 3 
Fluoranthana R 
Pgrana A 
BanzoCa>anbhraeana A 
Chvusona 44 
Banzo(b}Pluoranthana 5 
Banzo<k}fluoranthana S 
Banza(a)pgrana S 
DibanzoCa.h^anthracana 9 
Banza<g,h,i>parglana 6 
IndanaC1,2,3-o,d>pgrana 6 

RNRLYTICRL MEEK 
UKlt UK13 UK17 UK21 

aa: 

NR < 0.003 < 0.003 < 0.003 

NR 
<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.300 
<0.300 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.030 

<2.00 
<2.00 
<2.00 
<2.00 
<0.2O0 
<0.300 
<0.300 
<0.200 
<0.200 
<0.020 
<0.ISO 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.030 

<2.0O 
<2.00 
<2.00 
<2.00 

<0.200 
<0.300 
<0.500 
<0.200 
<0.200 
<0.020 
<0.130 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.030 

UK28 

< 0.0O5 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.300 
<0.300 
<0.200 
<0.200 
<O.020 
<0.130 
<0.020 
<0.020 
<0.020 
<0.030 
<O.OSO 
<0.030 

UK30 

< 0.005 

<2.00 
<2.00 
<2.0O 
<2.00 
<0.200 
<0.300 
<0.300 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<O.OSO 
<0.030 

I Total Dataotable PRH 0.00 O.'OO 0.00 0.00 0.00 I 

Notai Rnalgsaa bg KER. 
NRj- Indioatas not analgzad. 
< - Raprasanta laas than datactabla ooncantrationa. 
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mg/L. Thus, no conclusions can be made for Week 30 results. Based on phenolics data, 
it also appears that wall! effects may also be affecting phenolic results with the same 
inconsistent trends as cited for PAHs being observed. Regardless of this fact, it can be 
estimated that carbon exhaustion for phenolics occurred between Week 22 (no data 
available) and Week 28 as a conservative basis. 

Based on the preceding discussion, operation of the pilot-scale treatment system to 
Week 30 represents a carbon exhaustion rate of 0.1 lb. carbon per 1,000 gallons of 
groundwater treated via column 1; this related to the assumption that carbon exhaustion 
is determined by naphthalene. For the case of phenolics. Weeks 22 through 28 represents 
a carbon exhaustion range of 0.10 to 0.13 lb. carbon per 1,000 gallons treated. These 
values represent a very low carbon use rate. Also, the fact that phenolics and 
naphthalene were the first compounds to be detected in carbon column 1 effluent is 
consistent with published carbon isotherm data [5] which empirically predicts that 
phenolics and naphthalene are the least adsorbable relative to the other organic chemicals 
monitored for during the study. Further discussions of carbon use rates are given in 
Section 5.0. 

Further supporting the efficiency of activated carbon treatment is the fact that at 
no time during the 30 weeks of operation were PAHs detected in effluents from columns 
2 or 3 (See Tables S-8 and 5-9). This is also the case for phenolics with the exception of 
Week 30 results. This data, as well as that for ACIEFF at Weeks 15, 17 and 19, is 
suspect because it is just above the method detection limit of 0.005 mg/L. This indicates 
that there may be some inherent variability with the phenolics analytical method at such 
low concentrations. 

NPDES Permit Samollna 

Tables 5-10, 5-11 and 5-12 summarize results of the NPDES permit sampling 
performed. The results presented correspond to samples of the influent (INF) comprised 
of a flow proportioned stream of wells W420 and W421 prior to KMnO^ addition, and 
the effluent of carbon column 3 (AC3EFF). These two streams are identified on Figure 
5-1. Grab samples of these two flows were taken at weeks 1, 7 and 13 during operation 
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TABLE 5-10 

NPOES PERMIT SAMPUNG RESULTS FOR 
CONVENTIONAL/NUTRIENTS/METALS/PAHs 

BY HPLC 

PRRfflfErERS HO. OF : 
PRH RINOS : INFLUENT 

CONVEHTIONRL i 
Phmellcs (N-RRP) 
pH CunlLs) 
Total Oisxolvod Solids 
Total Suspandod Solids 
Biochonical OMygon Oanand 
ChoHical OHyfon Donand 
Total Organic Carbon 
Oil and Groaso 
Hardnoss Cas CaC03> 

NUTRIENTS (itg/Di 
Orthophosphato as P 
Rnnonia Hitrogon as N 
Nltrita as N 
Hitrato as N 

HETRLS <ng/L}t 
Iron-Total 
Iren-Forrous 
Iron-Filtarod 
Nanganoso-Total 

1 PRH bg HPLC Cug/L)i 
Carbazolo 
Haphthalono 
Rconaphthglono 
Rconaphthono 
Fluorono 
Phonanthrono 
Rnthracono 
Fluor anthono 
Pgrono 
Banzotalanthracono 
Chrgsono 
Bonzotb>riuoranthono 
Bonzo(k>T1uoranthono 
Bonso(a7pgrono 
Dibonzota.lOanthracono 
BonzoCg,h,1)porglono 
IndoneCI,Z,3-c,d)pgrono 

Z.30 
763 
BN.D 
R8.3 
13.3 
T.Zl 

<0.300 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.030 

HEEK 1 
EFFLUENT BLRHK 

0.073 < 0.003 < 0.003 
7.3 7.8 7.6 
673 360 < 1.00 

10.0 16.0 1.00 
3.33 < 1.00 < 1.00 
16.0 < 10.0 < 10.0 
7.13 < 1.00 < 1.00 
6.00 < 6.00 < 6.00 

333 333 < 1.00 

0.010 0.030 0.013 
1.00 < 1.00 < 1.00 

0.020 < 0.020 < 0.020 
0.020 < 0.020 0.033 

1.B30 < 0.100 < 0.100 
0.311 < 0.100 < 0.100 
0.100 < 0.100 < 0.100 
0.373 0.033 < 0.015 

NR 
<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.300 
<0.300 
0.200 
<0.200 
<0.020 
<0.130 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.030 

INFLUENT 
HEEK 7 
EFFLUENT 

s:s=s==s: 
BLRHK 

0.06 
7.3 
711 

K.O 
<.<2 
32.0 
7.06 
3.00 
<71 

0.010 
1.00 

0.020 
0.020 

2.120 
0.100 
0.100 
0.361 

0.003 
7.3 
633 
2.0 
1.00 
10.0 
2.33 
3.11 
<73 

0.010 
1.00 

0.020 
0.020 

0.100 
0.100 
0.100 
0.2« 

NR 
<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.300 
<0.300 
<0.200 
<0.200 
<0.020 
<0.130 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.030 

; 
0.003 : 

6.6 ; 
1.00 ; 
1.00 i 
1.00 ! 
10.0 ; 
1.00 ; 
3.00 I 
2.20 : 

: 

0.010 I 
1.00 ! 

0.020 : 
0.020 ! 

! 
: 

0.100 : 
0.110 ! 
0.100 : 
0.013 ! 

! 
NR 

! 
! 
: 

0.12< 
7.6 
713 

1.00 
7.20 
20.0 
2.<6 
3.00 
301 

0.010 
1.03 

0.020 
0.020 

1.3B0 
0.110 
0.100 
0.37< 

11.1 
7<T 
106 
60.2 
1<.< 
7.03 

0.631 
<0.200 
<0.200 
<0.020 
<0.130 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.030 

INFLUENT 
13 

EFFLUENT 

0.012 
7.6 
730 
1.00 
1.00 za.o 
3.26 
6.00 
<53 

0.010 
1.00 

0.020 
0.020 

0.100 
0.100 
0.100 
0.631 

BLRHK 

0.003 
S.B 
3.00 
1.00 
1.00 
10.0 
1.00 
6.00 
1.00 

0.010 
1.00 

0.020 
0.020 

! 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.300 
<0.300 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.030 
<0.050 

0.100 ! 
0.100 : 
0.100 : 
0.015 ; 

Total Ootoctablo PRH 320.7 0.0 0.0 336.3 0.0 

Notoi Rnalgsos bg KER. 
NR - Indieatos not analgzod. 
< - Roprosonts loss than dotoctablo eoncsntrations. 
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TABLE 5-11 

NPDES PERMIT SAMPLING RESULTS FOR 
SLP-PAH 

I 
pmnriETERS NO. OF 

PRH RIMOS 
UEEK 1 

IHFLUCHr CPFLUEHT 
UEEK 7 

INFLUENT EFFLUENT BLNNK 1 SHFLUENT 
13 

EFFLUENT BLANK : 

^•pcrtAng Linit 

: PAH <ua/L> 
\ POTEHTIAL CAKCINOOENICl 
t Quinol^n* 

B«nB«anthrac*n« 
I Chr^aana 
I B#nBe<b>fluoran*heew 

Banco <k> Ft uoronthano 
I BanooCa^p^i^ana 
I IndonoClyafS'-Cad^purano 
I Dlb#ncoCo«h>anbhracano 
I BancoCg«Kpi>pafylana 

100 0.01 0.01 10 0.01 0.01 I 
I 
I 
: 

10 0.01 

I Total Datoctoblo 

0.01 I 
: 
: 

NO NO NO 1 HO NO NO I NO NO NO 1 
NO NO NO : NO NO NO 1 NO NO NO t 
NO NO NO \ NO NO NO 1 NO NO HO 1 
NO NO NO 1 NO HO NO 1 NO NO NO i 
NO NO NO 1 NO NO NO 1 NO HO NO 1 
HO HO NO 1 NO NO HO 1 NO NO HO 1 
NO NO NO 1 NO NO NO t NO NO NO 1 
NO NO NO 1 NO NO HO ! NO NO NO 1 
NO' NO NO- 1 NO NO- NO I NO HO NO 1 

0 0 0 1 0 0 0 1 0 0 0 1 

i OTHER PAN 
I 3.3 - BoncoFuron 
I 2.3-01hydr«indono 
1 Indono 

Nophtholono 
I Banco <b> tM ophano 
I Xndola 
I 3-nathylncphtholano 

1-RathylnopbthoXana 
: Btphanyl 
I Reanophthylono 
1 Aeana^thon# 
I DtboncoFuron 
I Fluorana 

Oibancobhiophona 
I Phananthrona 

Anthrocana 
t Aerid&na 
I Corbacola 
I Fluoronthana 
t Pyrana 
I Banca<a>pyrano 
I Parylana 

NO NO NO 1 IB NO NO 1 17 NO NO 1 
IdO 0.028 NO 1 IdO HO HO 1 130 NO NO t 
120 NO NO 1 IBO NO NO 1 180 NO NO 1 

1200 O.Odl NO : dBO NO 0.02 1 810 NO 0.032 1 
NO NO NO 1 37 NO NO 1 86 NO NO 1 
NO NO NO : NO NO HO 1 NO HO NO 1 
NO 
NO 

NO NO 1 dB NO NO ( dO NO 0.013 1 NO 
NO NO HO 1 73 HO NO 1 62 NO NO 1 
NO NO NO 1 10 NO NO t 10 NO NO 1 
NO NO iND 1 NO NO HO 1 NO NO NO 1 
HO NO NO i 82 NO NO 1 81 NO NO 1 
NO NO 

NO 
NO 1 Id NO NO 1 18 NO NO 1 

NO 
NO 
NO NO 1 17 NO NO 1 16 NO NO S 

NO HO NO 1 HO NO NO 1 NO NO NO 1 
NO- NO HO t NO NO NO t NO NO NO 1 
NO 
NO 

NO NO 1 NO NO NO 1 NO NO NO t NO 
NO NO NO 1 NO HO NO t NO NO NO 1 
NO NO NO 1 26 NO NO 1 3d NO NO 1 
NO NO NO 1 NO HO NO t NO NO HO 1 
NO NO HO 1 NO HO NO t NO NO 

NO 
NO 1-

NO NO NO 1 NO NO NO 1 NO 
NO 
NO NO 1 

NO NO NO 1 NO NO NO 1 NO NO NO 1 

IdBO 0.06B 0.000 ; 1032 0.000 0.020 1 1121 0.000 O.OdS i I Total Oatactabla 

Mota: Analycac by ARAL. 
NO - Hot datactabla In tarnc oF roporting linitc eitod. 
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TABLE 5-12 

NPDES PERMIT SAMPLING RESULTS FOR 
PRIORITY POLLUTANTS 

PARAMETERS UEEK 1 UEEK 13 
I INFLUENT EFFLUENT | INFLUENT EFFLUENT 

1 VOLITIIES (ug/L): 1 
1 Vinyl Chloride 31 < 10 1 13 < 10. 
1 Methylene chloride 17 15 1 < 5 < 5 
1 trans-1,2-D'ichloroethene 40 < 5 1 25 < 5 
1 Trichloroethene 110 < 5 1 83 < 5 
1 Benzene 97 < 5 1 100 < 5 
1 Tetrachloroethene 57 < 5 1 25 < 5 
1 Toluene 11 < 5 1 12 < 5 
1 Ethyl benzene 79 < 5 1 92 

1 
< 5 

1 SEMI-VGLITILES (ug/L): 
1 
1 

1 Naphthalene 470 < 20 1 1900 < 20 
1 Dimethyl phthalate 35 < 20 1 < 20 < 20 
1 Fluorene 12 < 20 1 21 < 20 
1 Bis(2-ethylhexyl) phthalate < 10 < 20 1 < 20 120 
1 2,4-Dfinethylphenol < 10 < 20 1 30 

1 
< 20 

1 METALS (mg/L): 
1 
1 

1 Iron 1.840 < 0.100 1 1.980 < 0.100 
1 Manganese 0.374 0.034 1 0.374 0.691 

1 Zinc 0.085 < 0.020 1 0.083 

1 
0.031 

1 MISCELLANEOUS (mg/L): 
1 
1 

1 Phenol,ics (4-AAP} 0.074 < 0.005 1 0.124 

1 
0.012 

Note: Analyses by KER 
Only priority pollutants detected are cited. 
See Appendix D for the ccnplete priority pollutant results. 
< - Represents less than detectable concentrations. 
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and analyzed for conventionali metals, nutrients, PAHs by HPLC, SLP-PAH list, and 
priority pollutant parameters (weeks 1 and 13 only) as previously given in Table 5-12. 

Table 5-10 presents results for conventional parameters, metals, nutrients and 

PAHs by HPLC. As cited; the majority of conventional and nutrient parameters analyzed 
generally showed less than detectable concentrations in the final treated effluent with 
relatively very low or non-detectable concentrations present in the influent (e.g., nutrients). 
The pilot-scale treatment was also very effective for reductions of metals and PAHs by 
HPLC. Due to a communication mix-up, a PAH influent sample was not collected during 
week 7. The distilled water blank sample results generally showed non-detectable 
concentrations of the respective parameters monitored, thus supporting the results 
obtained in terms of a QA/QC check. 

Referring to the data given in Table 5-10, several issues are noteworthy. One is 
that phenolics were detected in AC3EFF at Weeks 13 in the sample collected for priority 
pollutant analysis while another AC3EFF sample collected at approximately the same time 
showed no phenolics detected (Table 5-9). This fact further supports the previous 
statement that phenolics analysis near the method detection limit may be subject to some 

inherent variability. A second issue is the suspicion that some phenolics reduction may 
be occurring via KMnO^ chemical oxidation. Comparing phenolics data in Table 5-5 with 
those in Table 5-10 for Weeks 1 and 7 show that no concentrations were detected in the 
influent tank receiving KMnO^, with respective concentrations of 0.074 mg/L and 0.06 
mg/L detected in the combined influent to the influent tank. While such a fact can be 
inferred, sufficient samples were not collected for definite conclusions to be made. The 

last issue to note is that the manganese concentrations cited in Table 5-10 are those 
representative of the site groundwater and not those given in Table 5-5 which include Mn 

added to the influent tank as KMnO^. For this reason, both the total iron and 
manganese values given in Table 5-10 will be used to estimate the KMnO^ dosage added 
in terms of oxidizing requirements. 

Table 5-11 presents results of the PAH-SLP list performed by RMAL. As cited, 
while parameters were detected in the influent above target NPDES permit requirements, 

none were detected in the treated effluent at a detectable concentration of 0.01 ug/L 
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(10 ng/L). No parameters were detected in the respective blank samples except for week 
13 where naphthalene and 2-methylnaphthalene were detected just above the method 
detection limit. 

In terms of priority pollutant parameters, no unexpected parameters were detected 
in the influent and effluent samples collected. Table 5-12 cites that while some volatiles 
and semi-volatile parameters were detected in the influent, only methylene chloride and 
Bis(2-ethylhe?grl)phthalate were detected in the effluent. Methylene chloride was detected 
in the influent and effluent during Week 1 only. However, methylene chloride is often 
associated with residual from the analytical extraction. Bis(2-ethylhexyl)phthalate was 
detected in the effluent, but not influent during week 13. Bis(2-ethylhe}Qrl)phthalate is 
associated with plastic tubing and was probably detected due to such a contact during 
analytical testing. Only those priority pollutants which were detected in any sample 
collected are given in Table S-12. The complete priority pollutant test results are given 
in Appendix E. In terms of metals and phenolics, the results are the same as that cited 
in Table 5-10 with the exception of zinc which was detected in the influent sample, but 
at very low concentrations. 

Results of dissolved oj^gen monitoring are given in Table 5-13. As cited, the D.O. 
was very consistent over the sampling period with no treatment unit. 

Sand Filter Backwash Water Monitoring 

Sampling and analysis of the backwash water from the pilot unit sand filtration 
colunm was performed to determine the extent, if any, of SLP-PAH list contamination. 
The results of this monitoring are given in Table 5-14. As cited, weekly sampling for total 
suspended solids (TSS) varied between approximately 300 to 2,270 mg/L with total organic 
carbon (TOC) varying between approximately 4 to 100 mg/L. The relatively high TSS 
values cited are due to iron and manganese precipitation as hydroxides resulting fi:om the 
chemical oxidation step. 

Samples were also collected during weeks 5, 7, and 9 and analyzed for BOD5 and 
PAHs by HPLC. As given, BOD5 was only detected in the week 9 sample and only some 
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TABLE 5-13 

DISSOLVED OXYGEN (D.O;) SAMPLING RESULTS 

DISSOLVED OXYQEN (mg/L) 

INFLUENT ACS EFFLUENT 

2.5 2.5 

2.5 2.5 

2.5 2.6 

2.6 2.6 

2.4 2.5 

NOTE: Results of replicate sampDng taken on October 17, 1989. 
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TABLE 5-14 

SAND FILTER BACKWASH WATER SAMPUNG RESULTS 

: PflRMIETERS RMRLVTXCRL MEEK 
: HKl HKZ HK3 UKN 

SSSSSSSSS 
IOCS 

laSSSSSStSSSSSi 
UK6 MC7 

:=S3SSCSSSS51 
MCB 

Bssasssss 
UK4 J 

. COHVENTIONRL (ny/L>> • 1050 362 2270 SBd 470 1140 242 522 452 • 
! Total Organic Carbon B.86 17.3 Ml s.ii 44.4 NR 3.77 7.35 70.4 1 

! • Biological OHygon Oanand RR NR NR NR < 1 NR < 1 NR 4.15 
: » 

PRH by HPLC <ug/L>i NR NR NR NR NR 
<2.00 

NR 
<2.00 ! Carbaaola <2.00 <2.00 <2.00 : 

Naphthalono 7.71 4.31 462 4 

! Rconaphthylano <2.00 <2.00 INT : 
! Rconaphthana 3.55 2.45 10.4 : 
• Fluorana 2.15 3.35 4.23 • 
• Phananthrano 1.87 0.744 6.44 ! • Rnthracana <0.500 <0.500 <0.500 : • Fluoranthana <0.200 <0.200 <0.200 : 
• Pgrana <0.200 <0.200 <0.200 

: i BansoCaJanthracana <0.020 <0.020 <0.020 : 
: Chrysana <0.150 <0.150 <0.150 s 

Baniotb)fluoranthana <0.020 <0.020 <0.020 : 
Banao Ck> fluoranthana <0.020 - <0.020 <0.020 : 
Banso<a>pyrana <0.020 <0.020 <0.020 : 
DibanaoCa.h)anthraeana <0.030 <0.030 <0.030 * 
Banzo(g,h,i>parylana <0.050 <0.050 <0.050 : 
IndanoCl,2,9-c.d>pyrana <0.050 <0.050 <0.050 ! 

Total Oatactabla PRH 15.28 10.41 404.12 

HeUi Rnalyara by KER. 
NR - Indlcatas not analynd. 
INT - Indlcatas Intarfaranca. 
< - Rapraaanti lass than rfsctabia eonesntratlons. 
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o 

o 

o 

"other PAHs" were detected; these being naphthalene, acenaphthalene, fluorene, and 
phenanthrene. For these three samples, the PAHs detected were below the target 
NPDES permit requirements with the exception of naphthalene at week 
explanation is clear as to why naphthalene was so high (i.e., relatively) in the week 9 
sampte. Also, no PAHs were detected in a filtered solids sample of the backwash water 
with a detection limit of 0.330 mg/Kg. 

On the basis of the sampling results presented, there is no reason why discharge 
of the sand filtration backwash water cannot be routed to the Minneapolis/St. Paul 
Metropolitan POTW. For a full-scale groundwater treatment system, the backwash daily 
flow should be between 10 to 15 percent of the applied groundwater treated. 
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6.0 DISCUSSION 

While the information presented in Section 5.0 supports the technical feasibility of 
a sand filtration/activated carbon column system for treatment of specified pumped 
groundwaters fi-om the St. Louis Park site, this section specifically addresses the results in 
terms of: 

• Comparison of PAH analysis by HPLC, GC/MS and the GQMS-SIM 
methods, 

• Engineering design issues, and 

• Permitting considerations. 

These items are specifically addressed in the respective sub-sections. 

6.1 Comparison of PAH Analysis by Different Methods 

During the course of the treatability work performed, PAHs were analyzed by KER 
using both HPLC and GC/MS methods, and by RMAL using the GC/MS-SIM method. 
Comparison of these three methods is important for the purpose of determining whether 
or not the three methods provide similar results in terms of individual PAHs as well as 
total PAHs. Table 6-1 provides such a comparison between the samples taken for 
NPDES permit sampling purposes. 

While some differences are noted for some quantifable PAHs, there does appear 
to be some consistenity among the three methods in terms of general trends. For the 
potentially carcinogenic PAHs, non-detectable levels are cited in the respective samples 
by all three different analytical methods with widely varying reporting limits. Also, the 
HPLC method achieved better detection limits in the influent samples than the two 

TjMgtabimy 
IIPPMIGI 
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TABLE 6-1 

COMPARISON OF HPLC AND GO/MS METHODS 
FOR PAH MONITORING PURPOSES 

PRRRHETERS 

: 
! 

e. of ! 
Rings ! 

REEK 1 
IHFLUENr 

RHRL KER KER 
ec/HS-sin oc/ns HPLC 

COLUMN 3 EFFLUENT 
REEK 13 

PRH Cng/L) 
POTENTIRL CRRCINOOENlCi 
Quinelino 
Bonzo (o>«nUiroeono 
Chrgsono 
Bonzo Cb> f1uoronthono 
Bonzo Ck>flijoranthono 
Bonzo(o>pgrono 
IndonoC1,Z,3-eId>pgrono 
01bonzo Co,h)onthrocono 
BonzoCg,h,1}porglono 

<100 
<100 
<100 
<100 
<100 
<100 
<100 
<100 
<100 

Nfl 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

NR 
<0.020 
<0. ISO' 
<0.020 
<0.020 
<0.020 
<0.050 
<0.030 
<0.050 

RNRL KER 
OC/NS-SIN GC/NS 

KER 
HPLC 

INFLUENT 

RNRL KER 
OC/NS-SIN OC/HS ================== 

COLUMN 3 EFFLUENT 

KER 
HPLC 

RNRL KER 
: OC/NS-SIN OC^ItS 

KER 
HPLC 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

HR 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<0 
<0 
<0 
<0 
<0 
<0 
<0 
<0 

HR : 
.020 : 
.150 : 
.020 ; 
.020 : 
.020 : 
.050 : 
.030 : 
.050 : 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

HR 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 

: 
HR 1 

<0.020 i 
<0.150 ! 
<0.020 ; 
<0.020 : 
<0.020 ! 
<0.050 ! 
<0.030 ! 
<0.050 : 

<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 
<0.010 

HR 
<20 
<20 
<20 
<20 
<20 
<20 
<20 
<20 

HR : 
<0.020 ; 
<0.150 : 
<0.020 ! 
<0.020 ! 
<0.020 ! 
<0.050 ! 
<0.030 : 
<0.050 ! 

: Total Datactabla PRH ! 0 0 0.000 : 0.00 0 0.000 : 0 0 0.000 ; 0.000 0 0.000 : 

; 
OTHER PRH Cug/Lli 

: I ! i ! 
• 2,3 - Banzofu/an 2 ! <100 HR NR J <0.01 NR HR 1 17 HR NR 1 <0.010 NR HR 1 
! 2,3-Dihgdroindana 2 : IdO HR NR : 0.025 HR HR : 130 HR HR ; <0.010 HR HR ! 

1 Indana 2 1 
1 120 HR NR \ <0.01 NR HR ! 150 HR NR : <0.010 HR HR ! 1 } Haphthalana 2' 1 
1 1200 <70 765 : 0.0<1 <10 <2.00 : 510 1900 7<7 : <0.010 <20 <2.00 ! 

Banco Cb> thi ophana 2 t « <100 HR NR ! <0.01 HR HR ; B6 HR HR ! <0.010 HR HR ! 
• Indola 2 1 « <100 HR HR i <0.01 NR HR ! <10 HR HR ; <0.010 NR HR : 
! 2-Nathglnaphthalana 2 • 

f <100 HR HR ! <0:01 NR NR : <0 NR NR : <0.010 NR HR : 
; 1-Hathglnaphthalana 2 1 • <100 HR HR i <0.01 HR HR : 62 NR HR ! <0.010 NR HR ; 
: Blphangl 

Resnaphthglana 
2 <100 HR NR : <0.01 NR NR ! 10 NR NR ; <0.010 NR NR ! 

: Blphangl Resnaphthglana 3 • • <100 <10 Bd.O : <0.01 <10 <2.00 : <10 <20 106 ! <0.010 <20 <2.00 ; 
: Rcanaphthana 3 t 

t <100 35 <0.9 : <0.01 <10 <2.00 : 51 <20 60.2 ! <0.010 <20 <2.00 : 
; Dibanzofuran 3 <100 HR NR ! <0.01 NR HR : 15 NR NR : <0.010 NR NR ; 
: 'Fluerana 3 • • <100 12 13.3 : <0.01 <10 <0.200 ! 16 21 i<.< : <0.010 <20 <0.200 : 
: Dibancothiophana 3 <100 Nfl NR : <0.01 HR HR : <10 HR NR ; <0.010 Nfl NR ! 
; Phananthrana 3 ( 

a <100 <10 7.21 J <0.01 <10 <0.200 : <10 <20 7.03 : <0.010 <20 <0.200 : 
! iRnthracona 3 <100 <10 <0.500 ! <0.01 <10 <0.500 : <10 <20 0.0691 : <0.010 <20 <0.500 ! 
; Rcridina 3 • • <100 NR HR J <0.01 HR HR : <10 NR NR ! <0.010 HR NR ; 
• Xarbazola 3 <100 HR 2.3 : <0.01 HR <2.00 : 3< HR 11.1 : <0.010 HR <2.00 ! 
: >FI uoranthana < 1 

t <100 <10 <0.200 ! <0.01 <10 <0.200 ; <10 <20 <0.200 ; <0.010 <20 <0.200 : 
: Pgrana d 1 • <100 HR <0.200 I <0.01 NR <0.200 ! <10 HR <0.200 : <0.010 HR <0.200 ; 
: BancoCalpgrana 5> 1 

1 <100 NR <0.200 ! <0.01 HR <0.200 • <10 HR <0.200 : <0.010 HR' <0.200 : 
{ Parglana 5 : <100 HR NR ! <0.01 HR HR : <10 HR NR ; <0.010 NR HR ! 

: Total Datactabla PRH : IdBO 517 921 : 0.066 0 0.00 : 1121 1921 9<6 ! 0.000 0 0.00 ; 

N«L«i Rsspsclivs rssulis tzksn fron HPDES pwnlt. sanpling data givan in SacUon 5.3. 
HR - Indicatas not analgawl. 
< - Rtprssants lass than, datactabla coneantrations. 
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6.3 Permitting Considerations 

As previously discussed in Section 2.0i in accordance with the agreement between 
Reilly and the City of St. Louis Park, Reilly must provide treatment of source and 
gradient control well discharge to allow routing to storm sewers by September, 1990. 
Routing of treated source and gradient control well discharges into storm sewers will 
require an NPDES permit. TTie RAP provides recommended NPDES permit limits which 
are assumed will hold on the permit. The anticipated NPDES permit limits from the 
RAP are those previously cited in Table 2-1. 

For permitting considerations, a single carbon column with a 25 minute empty bed 
contact time is assumed. This corresponds to treated effluent &om carbon column 3 
(AC3EFF) of the pilot unit. As such, the anticipated NPDES permit limits were never 
exceeded based on the results presented in Section 5.3. 

In addition, iron and manganese are of interest with regard to the permitting and 
treatment system operation. Permit concentrations for iron and manganese are expected 

to be near 1 mg/L each based on previous discussion with the Minnesota Pollution 
Control Agency. Sand filtration column effluent data indicate that iron and manganese 
concentration of less than 1 mg/L are easily achievable using KMnO^ chemical oxidation 
followed by sand filtration. A single excursion exceeding the anticipated NPDES 

concentration limit for iron and manganese is attributable to overloading of the pilot sand 
filter during week 2 of operation. Regular backwashing of the sand filtration column 
rectified this overloading condition. In terms of other parameters which may be 

permitted, analysis for respective conventional parameters (e.g., TSS, BOD5), nutrients, 

metals, and priority pollutants during the pilot unit operation gave non-detectable 
concentrations for most and just above detectable concentrations for the rest of the 
chemicals-of-interest monitored. In addition, it is expected that the D.O. in the treatment 
system effluent will be greater than 2.0 mg/L. 

At this time, it is proposed to route backwash water from the sand filtration 

process into the POTW. Based on analysis of this stream, as well as the filtered solids for 
PAHs, there appears to be no major reason as to why this option cannot be pursued. 

Treatability Study Report for Treatment of PAGE - 69 
Pumped Groundwatera at St. Loula Park, Mlnneaota 



Analytical results which demonstrated near detectable BODj and TOC concentrations also 
support this claim. 

Treatability Study Report for Treatment of PAGE - 70 
Pumped Groundwatera at St. Loula Park, Mlnneaota 



7.0 SUMMARY AND CONCLUSIONS 

Laboratoiy and onsite pilot-scale treatability work was performed to evaluate 
combined treatment of three source control well (W23/W420/W421) discharges at a St. 
Louis Park, Minnesota site. Results of the testing performed can be summarized as 
follows: 

1. A system comprised of chemical oxidation/sand filtration pretreatment 
followed by activated carbon column treatment offers a technicaUy viable and 
efficient treatment system. 

2. In terms of pretreatment, potassimn permanganate (KMnO^) was found to 
be the best chemical oxidant for precipitation of iron and manganese at 
dosages of 1 mg KMnO^ per mg total iron and 2 mg KMnO^ per mg 
manganese. Downflow media filtration served to remove the precipitated 
iron and manganese species with sand; "FerroSand", anthracite/sand and 
anthracite/'FerroSand" all capable of serving as adequate media types at a 
hydraulic loading of approximately 1 gpm/ft^. 

3. In terms of water quality, KMnO^ oxidation/sand filtration pretreatment 
served to consistently reduce total iron and total manganese groundwater 
concentrations to levels less than 0.2 mg/L and 0.3 mg/L, respectively. Total 
suspended solids concentrations in the sand filter effluent were near the 
detectable limit of 1 mg/L. No appreciable reductions were measured for 
TOC, phenolics and PAHs. 

4. The pilot-scale pretreatment process was observed to work best with daily 
backwashing of the sand filter. Analyses of the backwash flow showed it to 
contain just detectable TOC, BODj and PAH concentrations and appreciable 
TSS levels. No PAHs were measured on filtered backwash solids. These 
analyses serve to support that POTW discharge of the backwash stream from 
the sand filter in a full-scale treatment system offers a viable option. On a 
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daily basis, the backwash flowrate should represent approximately 5 to 15 
percent of the groundwater flow applied to the treatment system. 

5. After pretreatment for iron and manganese removal, activated carbon 
column treatment is well suited for organics removal. At an empty bed 
contact time (EBCT) of 7.5 minutes and a hydraulic loading of 2.9 gpm/ft^, 
carbon exhaustion is estimated within a range of 0.096 to 0.133 lb. 
carbon/1000 gallons treated. These two values respectively correspond to a 
phenolics carbon exhaustion loadings of 0.0014 lb. phenolics/lb. carbon and 
a 0.047 lb. naphthalene/lb. carbon. Phenolics and naphthalene were used to 
calculate exhaustion loadings because they were consistently detected in the 
treated efQuent from the first in series carbon column at levels exceeding 
their respective NPDES 30-day target levels. This is not surprising since 
naphthalene is the PAH compound present in the groundwater at the highest 
concentration, and both phenolics and naphthalene are predicted to break 
through first based on isotherm data analysis. 

6. In terms of NPDES permitting considerations, activated carbon column 
treatment with an EBCT of 25 minutes represents a technically viable 
treatment alternative. Pilot-scale test results support that effluent from the 
treatment system should contain non-detectable PAHs at a reporting limit 
of 0.01 /tg/L, less than 0.5 mg/L metals (iron, manganese), no detectable 
nutrients, near detectable conventional parameters (e.g., TOC, BODj), a pH 
between 6 to 9, and a dissolved oxygen concentration greater than 2.0 mg/L. 

7. For operational monitoring purposes, it was substantiated through the 
analytical treatability work performed that PAH analysis by HPLC can be 
used in place of comparable, but more costly, GC/MS analysis. 
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APPENDIX A 

ANALYTICAL PARAMETER LIST 

TABLE A-1: CONVENTIONALVMETALS/NUTRIENTS 
ANALYSES 

TABLE A-2: SLP-PAH LIST 

TABLE A-3: PAH ANALYSES BY HPLC 

TABLES A-4a THROUGH A-4e: PRIORITY 
POLLUTANT LIST FROM CLEAN WATER ACT 

4a: Priority Pollutant List from the Clean Water ACT 
Volatiles by GC/MS 
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Semi-Volatlles by GC/MS 

4c: Priority Pollutant List from the Clean Water ACT 
Pesticides/PCB's by GC/MS 

4d: Priority Pollutant List from the Clean Water ACT 
Metals 

4e: Priority Pollutant Ust from the Clean Water ACT 
Miscellaneous 



TABLE A-1 

CONVENTIONAL/METALS/NUTRIENTS 

PARAMETER HETHOO METHOD DETECTION LIMIT 
(ing/L) 

CONVENTIONAL: 1 1 
1 1 

PH 
1 1 
1 EPA 150.1 1 • • 1 

BOO-S 1 EPA 405.1 1 1 1 
COD 1 EPA 410.4 1 10 1 
Hardness 1 EPA 130.2 1 1 1 
Dill and Grease 1 EPA 413.1 1 5 1 
TDS 1 EPA 160.1 1 1 1 
TOO 1 EPA 415.1 1 1 1 
PhenolICS 1 4-AAP 1 0.005 1 
TSS 1 EPA 160.2 1 

1 1 
1 1 

METALS: 
1 1 
1 1 
1 1 

Iron-Total 
1 1 
1 EPA 200.7 1 0.1 1 

Iron-Ferrous 1 SM 3158 1 0.1 1 
Iron Filtered 1 EPA 200.7 1 
Manganese 1 EPA 200.7 1 

1 1 
0.015 1 

NUTRIENTS: 
1 1 
1 1 
1 1 

Ortho-Phosphate 
1 1 
1 EPA 365.2 1 5 1 

Aimnnia 1 EPA 350.1 1 1 1 
Nitrate 1 EPA 353.2 1 0.02 1 
Nitrite |! EPA 353.2 j 0.02 1 

NOTE: Analyses by KER. 
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TABLE A.2 

SLP-PAH LIST 
(GC/MS SELECTIVE ION METHOD - SIM) 

PARAMETER LIQUID METHOD DETECTION 
LIMIT lug/L) 

SOLIDS METHCO DETECTION 
LIMIT lug/L) 

POTENTIAL 1 1 
CARCINOGENS 1 

1 
1 
1 

Quinoline 
1 
1 0.01 

1 
330 1 

Benzo(a)anthracene 1 0.01 330 1 
Chrysene 1 0.01 330 1 
Banzo(b)fluoranthene 1 0.01 330 1 
Benzolk)fIuoranthane 1 0.01 330 1 
Benzo(a)pyrene 1 0.01 330 1 
Indenod ,2,3-c,d)pyrene 1 0.01 330 1 
D i benz(a,h}anthracene 1 0.01 330 1 
Benzolg,h,lOpyrene 1 0.01 

1 

330 j 
1 

OTHER PAHS 
1 
1 
1 

1 
1 
1 

Z,3-Benzofuran 
1 
1 0.01 

1 
330 1 

2,3-DHI 1 0.01 330 1 
Indene 1 0.01 330 1 
Naphthalene 1 0.01 330 1 
Benzolb)thfophene 1 0.01 330 1 
Indole 1 0.01 330 1 
2-Hethylnaphthalene 1 0.01 330 1 
1-Methylnaphthalene 1 0.01 330 1 
Blphenyl 1 0.01 330 1 
Acenaphthylene 1 0.01 330 1 
Acenaphthene 1 0.01 330 1 
Ofbenzofuran 1 0.01 330 1 
Fluorena 1 0.01 330 1 
Olbenzothfophene 1 0.01 330 1 
Phenanthrene 1 0.01 330 1 
Anthracene 1 0.01 330 1 
Acridlna 1 0.01 330 1 
Carbazole 1 0.01 330 1 
Fluoranthena 1 0.01 330 \ 
Pyrene 1 0.01 330 1 
Benzole)pyrana 1 0.01 330 1 
Perylena 1 0.01 330 1 
7,12-D<nathylbenzanthracene 1 0.01 330 1 
Dlbenzla,c)anthracene 1 0.01 330 J 
3-Hethylcholanthrene 1 0.01 330 1 

NOTE: Analyses by RNAL 
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TABLE A-3 

PAH ANALYSES BY HPLC 

PARAHETER HETHGO METHOD DETECTION LIMIT 
(ug/L) 

Acenaphthene | EPA 624 1 2 1 
Acenaphthylene | 1 2 1 
Anthracene | 1 0-5 1 
Benzo<a)anthracene | 1 0.02 1 
Benzo(b)fluoranthene | 1 0.02 1 
Benzo(K)fluoranthene | 1 0.02 1 
Benzo(g,h,i)perylene | 1 0.05 1 
Benzo(a)pyrene | 1 0.02 1 
Carbazole | 1 2 1 
Chrysene | 1 0.15 1 
D{benzo(a,h)anthracene | 1 0.03 1 
Fluoranthene | 1 0.2 1 
Fluorene | 1 0.2 j. 
Indeno(1,2,3-cd)pyrene | 1 0.05 1 
Naphthalene | 1 2 1 
Phenanthrene | 1 0.5 1 
Pyrene | 1 0.2 1 

NOTE: Analyses by KER. 
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TABLE A-4a 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
VOLATILES BY GC/MS 

PARAHETER HETHGO METHOD DETECTION LIMIT 
(ug/L) 

Acrolein 1' EPA 624 1 5 l| 
Acrylonitrile 1 1 5 1 
Benzene 1 1 5 1 
Bromoform 1 1 5 1 
Bromodichlorcmethane 1 1 5 1 
Bromomethane 1' 1 10 1 
Carbon tetrachloride 1 1 5 1 
Chlorobenzene 1 1 5 1 
Chtoroethane 1 1 10 1 
Ch lorodi bromcfliethane 1 1 5 1 
2-Chloroethyl Vinyl Ether 1 1 10 1 
Chloroform 1. 1 5 1 
1,1-Dichloroethane 1 1 5 1 
1',2-DIchloroethane 1 1 5 1 
1,1-Dichloroethylene 5 1 
1,2-D i chIoropropane 1 1 5 1 
c-1,3-dichIoropropyIene 1 1 S 1 
t-1,3-dichloropropylene 1 1 5 1 
Tran8-1,2-Dichloroethylene 1 1 5 1 
1,2-0 i phenyIhydrazlne 1 1 5 1 
Ethylbenzene 1 1 5 1 
Methylene chloride 1 1 5 1 
1,1,2,2-Tetrachloroethane >1 1 5 1 
Tetrachloroethylene 1 1 5 1 
Toluene 1 1 5 1 
1,1,1-Trichloroethane 1 1 5 1 
1,1,2-Trichloroethane 1 1 5 1 
T r i chloroethyIene 1 1 5 1 
Vinyl Chloride 1 1 10 1 

Note: Analyses by KER. 
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TABLE A-4b 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
SEMI-VOLATILES BY GC/MS 

PARAMETER METHOD METHOD DETECTION LIMIT 
(ug/L) 

4-Braaiophenyl phenyl ether | EPA 625 1 10 1 
Butyl benzyl phthalate j I 10 I 
4-Chlaro-3-inethylphenol | I 10 1 
2-Chloronaphthalene | 1 10 1 
2-Chlorophenol | I 10 1 
4-Chlorophenyl phenyl ether | 1 10 1 
Chrysene | I 10 I 
Di-n-Butylphthalate | 1 10 1 
Di-n-Octylphthal'ate | I 10 1 
Dibenzo(a,h)anthracene | 1 10 1 
1,2-DIchlorobenzene | 1 10 1 
1,3-Dlchlorobenzene | 1 10 1 
1,4-Dlchlorobenzene | 1 10 1 
Benzidine | I 80 I 
iBenzo(a)anthracene | I 10 1 
Benzolaipyrene | 1 10 1 
Acenaphthene | I 10 1 
Acenaphthylene | I 10 I 
Benzo lb) fluoranthene | I 10 1 
Benzo (g,h,i) perylene | i| 10 1 
Benzo (k) fluoranthene | 1 10 1 
Bis (2-chloroethoxy) methane | 1 10 1 
Bis (2-chloroethyl) ether | I 10 1 
Bis (2-ethylhexyl} phthalate | 1 10 1 
3,3-Dichlorobenzidine | 1 20 1 
Diethyl phthalate j 1 10 1 
Dimethyl phthalate j I 10 I 
2,4-Ditiiethylphenot j I 10 I 
4,6-Dinitro-2-niethylphenol | 1 50 1 
2,4-Dinitrophenol | I SO 1 
2.4-Dinitrotoluene j I 10 I 
2,6-Dinitrotoluene j I 10 I 
Fluoranthene J 1 10 |: 
Fluorene | I 10 I 
Hexachlorobenzene | I 10 1 
Hexachlorobutadiene j 1 10 1 
Hexachlorocyclopentediene | 1 10 1 
Hexachloroethene | 1 10 1 
Indeno (1,2,3,-cd) pyrene j 1 10 1 
Isophorone | 1 10 1 

Note: Analyses by KER. 
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TABLE A-4b cont. 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
SEMI-VOLATILES BY GC/MS 

PARAMETER METHOD METHOD DETECTION LIMIT 
(ug/L) 

N-Nitrosodipropylamine | 1 10 1 
N-Nitrosodimethylamine | 1 10 1 
N-Nitrosodiphenyl'ainine | 1 10 1 
Naphthalene | 1 10 1 
Nitrobenezne | 1 10 1 
2-Nitrophenol | 1 10 1 
A-Nftrophenol | 1 50 1 
Pentachlorophenol | 1 50 1 
Phenanthrene l| 1 10 1 
Phenol 1 1 10 1 
Pyrene | 1 10 1 
2,4,6-Trichlorophenol | 1 10 1 
1,2,4-Trichlorobenzene | 1 10 1 

Note: Analyses by KER. 
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TABLE A-4c 

PRIORITY POLLUTANT UST FROM THE CLEAN WATER ACT 
PESTICIDES/PCB's BY GC/MS 

PARAMETERS NETHCO METHOD' DETECTION LIMIT 

(ug/L) 

Aldrin 1 EPA 608 1 0.05 1 
Dieldrin 1 1 0.1 1 
Chlordane 1 1 0.5 1 
4,4'-DDT 1 1 0.1 1 
4,4'-DDD 1 1 0.1 1 
Endosulfan I 1 1 0.05 1 
Endosulfan II 1 1 0.1 1 
Endosulfan Sulfate 1 1 0.1 1 
Endrin 1 1 0.1 1 
Endrin aldehyde 1 1 0.1 1 
Heptachlor 1 1 0.05 1 
Heptachlor epoxide 1 1 0.05 1 
BHC (alpha) 1 1 0.05 1 
BMC (beta) 1 1 0.05 1 
BHC (gaimia) 1 1 0.05 1 
BHC (delta) 1 1 0.05 i 
Toxaphene 1 1 1 1 
PCB 1242 1 1 0.5 1 
PCB 1254 1 1 1 1 
PCB 1221 1 1 0.5 1 
PCB 1232 1 1 0.5 1 
PCB 1248 1 1 0.5 1 
PCB 1260 1 1 1 1 
PCB 1016 1 1 0.5 1 

Note: Analyses by KER 
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TABLE A-4d 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
METALS 

PARAMETERS NETHCO METHOD DETECTION LIMIT 
(mg/L) 

AntinxMiy 1 EPA 204.2 1 60 1 
Arsenic 1 EPA 206.2 1 10 1 
Beryllium 1 EPA 200.7 1 5 1 
Cadniun 1 EPA 200.7 1 5 1 
Chroffliun 1 EPA 200.7 1 10 1 
Copper ) EPA 200.7 1 25 1 
Lead 1 EPA 239.2 1 5 1 
Mercury 1 EPA 245.1 1 0.2 1 
Nickel 1 EPA 200.7 1 40 1 
Seleniun 1 EPA 270.2 1 5 1 
SiIver 1 EPA 200.7 1 10 1 
Thatliun 1 EPA 279.2 1 10 1 
Zinc 1 EPA 200.7 1 20 1 

Note: Analyses by KER. 
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TABLE A-4e 

PRIORITY POLLUTANT LIST FROM THE CLEAN WATER ACT 
MISCELLANEOUS 

PARAHETERS NETHGO METHOD DETECTION LIMIT 
(mg/L) 

I Phenol ICS | 4-AAP | 0.005 | 
I Cyanide | EPA 335.3 | 0.01 | 

Note: Analyses by KER 
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APPENDIX B 

ATTACHMENT 1 

INITIAL CHARACTERIZATION 



Ense 
Polynuclear Aromatic Hydrocarbons, SiM 

PAH SIM 

Clienit Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized: 

INC. REMEDIATION TECHNOLOGIES, 
W 23 
00287Z-0001-SA Enseco ID: 1022615 
AQUEOUS Sampled: 30 NOV 88 
01 DEC 88 Prepared: 02 DEC 88 

Received: 0<1 DEC 88 
Analyzed: 15 DEC 88 

Parameter Result 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo(b}thiophene 
Quinoline 
IH-Indole 
2-Hethylinaphthalene 
1-MeihyTnaphthalene 
Blphenyl 
Acenaphthylene 
Acenaphthene 
Diibenzofuran 
Fluorene 
D'ifbenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzolb 
Benzolk 

fluoranthene 
f1uoranthene 

7,12-Oimethylbenz-
anthracene 

pyrene 
pyrene 

ND 
8600 
2300 
16000 
3800 

ND 
ND 

2400 
6000 
2100 
1700 
9300 
4700 
7500 

ND 
8300 
1100 

ND 
1500 
2900 
2500 

NO 
ND 
ND 
ND 

Benzo 
Benzo 
Perylene 
3-Methylcholanthrene 
Diibenz(a,>h 
Dilbenz(a,c 
Benzo'(g,h, 

anthracene 
anthracene 
)perylene 

Indeno(li2,3-c,d}pyrene 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Naphthalene-dB 
Fliuorene-dlO 
Chrysene-dl2 

ND 
ND 
ND 

ND-Not Detected -
NA^Not Applicable 

Wet wt. 
Units 

ng/L 
ng/L 
•ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Reporting 
Limit 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

Reported By: Jay Garamone Approved By: Jeff Lowry 

The cover letter is an integral part of this report. 
Rev 230787 



'^Ensec 
Polynuclear Aromatic Hydrocarbons, SIM 

PAH SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
W 420 
002872-0002-SA Enseco ID: 1022616 
AQUEOUS Sampled!: 30'NOV 88 
01 DEC 88 Prepared: 02 DEC 88 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzolb)thiophene 
Quinollne 
I'H-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Oibenzofuran 
Flluorene 
Di'benzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo b)fluoranthene 
Benzo k)fluoranthene 
7,12-Dim6thylbenz-

anthracene 
ipyrene 
pyrene 

Benzo' 
Benzo 
Perylene 
3-Methylcholanthrene 
Dibenz(a>,h 
Dibenz(a,c 
Benzo(g,h, 
Indeno 

.anthracene 
anthracene 
)perylene 

l,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

ND 
130000 
120000 
500000 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 

NDi 
ND 
ND 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ngA 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: 01 DEC 88 
Analyzed: 19 DEC 88 

'Reporting 

100000 
100000 
100000 
100000 
100000 
100000 

• I'OOOOO 
I'OOOOO 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
I'OOOOO 
I'OOOOO 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
I'OOOOO 

100000 
100000 
100000 
100000 
100000 
100000 
I'OOOOO 
100000 
100000 

ND-Not Detected 
NA"Not Applicable 

Reported By: Jay Garamone Approved By: Jeff Lowry 

The cover letter is an integral part of this report. 
Rev 230787 



Polynucliear Aromatic Hydrocarbons, SIM 

PAH SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
W 421 
0G2872-0003-SA Enseco ID: 1022617 
AQUEOUS Sampled: 30 NOV 88 
01 OEC 88 Prepared: 02 DEC 88 

2,3-Benzofuran 
2,3-Oihydroindene 
Indene 
Naphthalene 
Benzo(b)thiophene 
Quiimot ine 
IH-Indole 
2-Methylnaphtha1ene 
1-Methyl naphthalene 
B1phenyl 
Acenapnthylene 
Acenaphthene 
Dtbenzofuran 
Fliuorene 
Diibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a]anthracene 
Chrysene 
Benzolb fl'uoranthene 
Benzo(k)fTuoranthene 
7,12-Dimethylbenz-

anthracene 
Benzole)pyrene 
Benzo(aipyrene 
Perylene 
3-Methylcholanthrene 
Dibenz.(a,h 
Dibenz(a,c 
Benzo ('g,'h. 

anthracene 
anthracene 
)perylene 

Indeno(l>2,3-c,d)pyrene 

Naphtha!ene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

NO 
170000 
140000 
600000 

ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
NO 

ND 
ND 
ND 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
X 

Received: 01 DEC 88 
Analyzed: 19 DEC 88 

Reporting 

100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 

100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 
100000 

ND-Not Detected 
NA-Not Applicable 

Reported By: Jay Garamone Approved By: Jeff Lowry 

The cover letter is an integral part of this report. 
Rev 230787 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 12/20/88 AT 10:30 PAGE 

SAMPLE tt RSLT.LNE SOURCE 

FERROUS IRON 
88120050 Ferrous Iron. mg/L. . O. 129 
88120049 Ferrous Iron. mg/L. . 0. 146 
88120048 Ferrous Iron. mg/L. . : 2. 82 
NITRATE 
88120048 Nitrate as N. mgi/L. . : <0.020 
88120049 Nitrate as N. mg/L.. : <0.020 
88120050 Nitrate as N. mg/L.. : <0.020 
NITRITE 
88120048 Nitrite as N. mg/L.. ; <0.020 
88120049 Nitrite as N. mg/L.. : <0.020 
88120050 Nitrite as N. mg/L.. : <0.020 
ORTHOPHOSPHATE AS P 
88120048 Phosp:hate(a)asP.mg/L : <0.100 
88120049 Phosphate(OJasPi mg/L : <0.100 
88120050 Phasphate(0)asP.fflg/L : <0.100 
TOTAL ORGANIC CARBON 
88120048 TOC. mg/L 6.86 
88120049 TOC. mg/L 6.53 
88120050 TOC. mg/L 3.65 
TOTAL DISSOLVED SOLIDS 
88120048 Total DSeiSOC. mg/L. : 644 
88120049 Total DSSISOC. mg/L. ; 556 
88120050 Total DSeiSOC. mg/L. : 342 
SUSPENDED SOLIDS (TOTAL. FIXED Si VOLATILE) 
88120048 Total SS 81030. mg/L. : 10.0 
88120048 Fixed SS 85500. mg/L. : 7.00 
88120048 Volatile SS. mg/l 3.00 
88120049 Total SS 8103C. mg/L. : 6.00 
88120049 Fixed SS 8550C. mg/L. 3.00 
88120049 Volatile SS. mg/l 3.00 
88120050 Total SS 8103C. mg/L. 8.77 
88120050 Fixed SS 8550C. mg/L. : 8.77 
88120050 Volatile SS. mg/l : <1.00 
PH 
88120048 pH. units 7. 1 
88120049 pH. units 7.2 
88120050 pH. units 7.4 
CHEMICAL OXYGEN DEMAND.(TOTAL) 
88120048 COD (Total), mg/l 16.0 
88120049 COD (Total), mg/l : <10.0 
88120050 COD (Total), mg/l 50.0 
AMMONIA 
88120048 NHS as N. mg/L : <1.00 
88120049 NHS as N. mg/L : <1.00 
88120050 NHS as N. mg/L : <1.00 

U23 
U421 
U420 

W420 
14421 
M23 

14420 
14421 
1423 

U420 
U421 
W23 

14420 
W421 
U23 

W420 
U421 
W23 

U420 
14420 
W420 
U421 
W421 
W421 
1423 
U23 
U23 

U420 
14421 
1423 

W420 
U421 
U23 

W420 
W421 
U23 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

SUMMARY OF ANALYTICAL DATA PRODUCED ON 12/20/88 AT 10:31 PAGE 

SAMPLE tt RSLT. LNE SOURCE 

OIL 9t GREASE. TOTAL RECOVERABLE. 
88120048 Oil SI Grease. mg/L. . 
88120049 Oil Si Grease. mg/L. . 
88120090 Oil SI Grease. mg/L.. 
TOTAL RECOVERABLE PHENOLICS 
88120048 Phenol, oig/l 
88120049 Phenol, mg/l 
88120090 Phenol, mg/l 

GRAVIMETRIC 
<9. 00 
<9. 00 
<6. 00 

(AS PHENOL) 
0. 033 
0. 039 
0. 006 

W420 
W421 
U23 

M420 
U421 
U23 



o 

o 

o 

/ 

KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 01/25/89 AT 16:07 PAGE 

SAMPLE # RSLT. LNE SOURCE 

TOTAL RECOVERABLE PHENOLICS (AS PHENOL) 
88120975 Phenol, mg/L. 
88120976 Phenol, mg/L. 
88120977 Phenol., mg/L. 

<0. 005 RTSLP-W83 
0. 041 RTSLP-W420 
0. 033 RTSLP-M421 



/ 

KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Page- 1 

TABLE 2; SUMMARY OF LC610 DATA 

Sample; 88120975 

Date Collected: 
Date Received: 

Date Extracted: 
Date Analyzed: 

12/28/88 
12/29/88 

12/30/88 
01/14/89 

Source: RTSLP-U23 
Description: MATER SAMPLES 

Clean up Method 

silica gel clean-up. 
florisil clean^up 
alumina clean-up 
sulfur clean-up 

.yes 

.yes 

.yes 

.yes 

_no 
.no 
_no 
no 

Polynuclear Aromatic Hydrocarbons 

Acenapihthene 
Acenaphthylene.... 
Anthracene 
Benzo(a >anthracene 
Benzo(a)pyrene.... 
Benzo(b}fluoranthene 
Benzo(g>hi ilperylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(ah)anthracene 
Fluoranthene 
Fluorene 
Ind'en0'< 123-cd) pyrene 
Phenanthrene 
Pyrene 

21. 4 
IS. 2 
1. 83 
0. 235 
0. 028 
0. 024 
<0. 050 
<0. 020 
0. 283 
<0. 030 
2. 48 
9. 28 
<0. 050 
9. 92 
2. GO 

Other Polynuclear Aromajtic Compounds tested: 
Carbazole 2.61 
Naphthalene : 28.8 

The above results are reported in ug/L . 

All LC610 identifications are from retention data only. 



/ 

o KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Page- 2 

TABLE 2: SUMMARY OF LC610 DATA 

Sample: 8S120976 

Date Collected: 
Date Received: 

12/28/88 
12/29/88 

Date Extracted. 12/30/88 
Date Analyzed: 01/14/89 

Source: RTSLP-W420 
Description: WATER SAMPLES 

Clean up Method 

silica gel clean-up. 
florisil clean-up 
alumina clean-up 
sulfur clean-up 

_yes 
_yes 
.yes 
_yes 

_no 
_na 
_no 
no 

Polynuclear Aromatic Hydrocarbons 

o 

Acenap.hthene 
Acenaphthylene 
Anthracene 
Benzo(alanthracene.. 
Benzo(a)pyrene 
Benzo(t)fluoranthene 
BenzoCg. h. ilpery.lene 
Benzo(k)fluoranthene 
Chrysene 
Dibenz(ah}anthracene 
Fluoranthene 
Fluorene 
Indeno(123-cd)pyrene 
Phenanthrene 
Pyrene 

34. 1 
61. 7 
<0. 500 
<0. 020 
<0 020 
<0. 020 
<0. 050 
<0. 020 
<0. 150 
<0. 030 
<0. 200 
6. 83 
<0. 050 
3. 41 
<0. 200 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : INTERFEREN 
Naphthalene 626 

The above results are reported in ug/L . 

All LC610 id'entlfications are from retention data only. 

o 



KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Page- 3 

TABLE 2; SUMMARY OF LC610 DATA 

Sample: 88120977 

Date Collected: 12/2S/88 
Date Received: 12/29/88 

Date Extracted". 12/30/88 
Date Analyzed. 01/15/89 

Source: RTSLP-W421 
Description: WATER SAMPLES 

Clean up Method 

silica gel cl.ean-up. 
florisil cleannup 
alumina clean-up 
sulfur clean-up 

_yes 
.yes 
_yes 
.yes 

_no 
_no 
_no 
no 

Polynuclear Aromatic Hydrocarbons 

Acenaphthene 
Acenaphthylene. . . . 
Anthracene 
B en zo'( a) anthracene 
Benzo'(a)pyrene. . . . 
Benzo<b}fluoranthene 
Benzotg. h> i Ipe.ry lene 
Benzo< k}fluoranthene 
Chrysene 
Dibenz(ah)anthracene 
Fluoranthene 
Fluorene 
Indeno(123-cd)pyrene 
Phenanthrene 
Pyrene 

12. 6 
44. 2 
<0.500 
<0 020 
<0.020 
<0.020 
<0.050 
<0. 020 
<0.150 
<0. 030 
<0. 200 
2. 90 
<0. 050 
1. 22 
<0.200 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : INTERFEREN 
Naphthalene 424 

The above results are reported in ug/L . 

All LC610 identifications are from retention data only. 

• rt. -



APPENDIX B 

ATTACHMENT 2 

PRETREATMENT/SANID FilLTRATION 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE OF CONTENTS PRODUCED ON 12/28/88 AT 09:26 PAGE 

SAMPLE « SOURCE DESCRIPT DATE-COL DATE-REC ORD « 

.88120094 W420 INF RTSLP PRETREATMENT E 12/02/88 12/02/88 M8812019 
88120099 W420 EFF RTSLP PRETREATMENT E 12/02/88 12/02/88 M8812019 
88120096 W421 INF RTSLP PRETREATMENT E 12/02/88 12/02/88 M8812019 
88120097 U421 EFF RTSLP PRETREATMENT E 12/02/88 12/02/88 M8812019 
88120098 U23 INF RTSLP PRETREATMENT E 12/02/88 12/02/88 M8812019 
88120099 W23 EFF RTSLP PRETREATMENT E 12/02/88 12/02/88 M8812019 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 12/28/88 AT 09:26 PAGE 

SAMPLE « RSLT. LNE SOURCE 

FERROUS IRON: 
88120094 Ferrous Iron. mg/L. 

Ferrous Iron. mg/L. 
Ferrous Iron. mg/L. 
Ferrous Iron. mg/L. 
Ferrous Iron. mg/L. 
Ferrous Iron. mg/L. 

TOTAL DISSOLVED SOLIDS 
88120094 Total DSeiBOC. mg/L 

Total DS8180C. mg/L 
Total DSeiSOC. mg/L 
Total DSai80C. mg/L 
Total DSeieoc. mg/L 
Total DS8180C. mg/L 

88120099 
88120096 
88120097 
88120098 
88120099 

88120099 
88120096 
88120097 
88120098 
88120099 

<0. 100 
<0. 100 
<0. 100 
<0. 100 
<0. 100 
<0. 100 

613 
632 
649 
698 
328 
329 

U420 IhF 
W420 EPF 
U421 INF 
U421 EPF 
U23 INF 
M23 EFF 

U420 INF 
W420 EPF 
U421 INF 
U421 EFF 
U23 INF 
W23 EFF 



o 
KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 2: SUMMARY OF METALS DATA PRODUCED ON 12/28/58 AT 09:27 PAGE 

SAMPLE « RSLT. LNE SOURCE 

IRON (TOTAL) 
88120094 Iron-Total. ug/L.... 2780 
88120099 Iron-Total. ug/L. . . . 232 
88120096 Iron-Total. ug/L. . . . 1390 
88120097 Iron-Total. ug/L. . . . 119 
88120098 Iron-Total. ug/L. . . . 1060 
88120099 Iron-Total. ug/L. . . . 291 
MANGANESE (TOTAL) 
88120094 Manganese. ug/L 640 
88120099 Manganese. ug/L 19. 9 
88120096 Manganese. ug/L 273 
88120097 Manganese. ug/L <19. 0 
88120098 Manganese. ug/L 48. 8 
88120099 Manganese. ug/L <19. 0 

U420 II\F 
U420 EPF 
U421 IlvF 
U421 EPF 
W23 INF 
U23 EFF 

U420 IfF 
W420 EPF 
U421 IhF 
W421 EPF 
U23 INF 
W23 EFF 

o 

o 



/ 

KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/02/89 AT 09:59 PAGE 

SAMPLE # RSLT. LNE SOURCE 

TOTAL DISSOLVED SOLIDS 
89010833 
89010834 
89010835 
89010836 
890.10837 
89010838 
IRON (TOTAL) 
89010833 
89010834 
89010835 
89010836 
89010837 
89010836 
MANGANESE 
89010833 
89010834 
89010835 
89010836 
89010837 
89010838 

Total DS8180C. mg/L. 
Total DSeiSOCi mg/L. 
Total DSeiSOC. mg/L. 
Total DSeiSOC. mg/L. 
Total DSei80C. mg/L. 
Total DS@180C« mg/L. 

Iron-Total. 
Iron-Total. 
Iron-Total. 
Iron-Total. 
Iron-Total. 
Iron-Total. 

(TOTAL) 
Manganese. 
Manganese. 
Manganese. 
Manganese. 
Manganese. 
Manganese. 

ug/L. . . . 
ug /L. . . . 
ug/L. . . . 
ug/L. . . . 
ug/L. . . . 
ug/L. . . . 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

639 
636 
142 
648 
613 
619 

1630 
124 

<100 
165 
<100 
668 

379 
161 
81. 4 
184 
43. 2 
595 

INT 
PSF 
PSAF 
PGSF 
PGSAF 
PALSF 

INT 
PSF 
PSAF 
PGSF 
PGSAF 
PALSF 

INT 
PSF 
PSAF 
PGSF 
PGSAF 
PALSF 



APPENDIX B 

ATTACHMENT 3 

ACT EVALUATION/COMPOSITE SAMPLES 



Polynuclear Aromatic Hydrocarbons, SI'M 

PAH SIM' 

Client Name: 
Client ID: 
Lab 10: 
Matrix: 
Authorized': 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
Filt. 2 well comp 
003284-0001-SA Enseco ID>: 1025815 
AQUEOUS Sampled,: 09 JAN 89 
11 JAN 89 Prepared: 11 JAN 89 

2,3-Benzofuran 
2,3-Oihydroindene 
Indene 
Naphthalene 
'Benzo(b}thiophene 
Quinoiine 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphtha!ene 
Biiphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazoile 
Fluoranthene 
Pyrene 
Benzo (a.) anthracene 
Chrysene 
Benzolb)fluoranthene 
Benzo k)fluoranthene 
7,12-Dimethylbenz-

anthracene 
pyrene 
pyrene 

Benzo 
Benzo. 
Perylene 
3-Methylcholanthrene 
Dibenz(a,h 
Dibenz:(.a,c 
Benzo(g,h, 

anthracene 
anthracene 
)perylene 

Indeno(1,2,3-c,d)pyrene 

Naphthalene-dS 
Fluorene-dlO 
Chrysene-dl2 

Result 

NO 
37000 

NO 
140000 
28000 
,ND 
23 
NO 
NO 
ND 
27 
ND 
NO 
ND 
58 

250 
ND 
ND 

13000 
82 
55 
26 
28 
14 
NO 

ND 
NO 
ND 
NO 
ND 
ND 
ND 
NO 
ND 

63.7 
198 
38.2 

Wet wt. 
Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: II JAN 89 
Analyzed: 17 JAN 89' 

Reporting 
Limit 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

ND-Not Detected 
NA-Not Applicable 

Reported By: "Philliip Tallarico Approved By: Jeff Lowry 

The cover letter is an integral part of this report. 
Rev 230787 



o / 
/ 

KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Page- 1 

TABLE 2: SUMMARY OF LC610 DATA 

Saffl.ple: 89010320 

Data Collected: 
Date Received: 

Date Extracted: 
Date Analyzed: 

01/10/89 
01/11/89 

01/11/89 
01/31/89 

Source: INIT 2 WELL COM 
Description: WATER SAMPLES 

Clean up Method 

silica gel clean-up. 
florisil clean-up 
alumina clean-up 
sulfur clean-up 

_ye,s 
_yes 
.yes 
.yes 

_no 
_no 
_no 
no 

Polynuclear Aromatic Hyidr ocarbons 

o 
Acenaphthene 
Acenaphthy.lene . . . 
Anthracene 
Benzo(a)anthracene 
BenzO'(a,)pyrene. . . . 
BenzO'(b ) f luoranthene 
Benzol g. h. i }'perylene 
Benzolk)fluoranthene 
Chrysene 
Dibenz(ah)anthracene 
Fluoranthene 
Fluorene 
Ind eno(123-cd)pyrene 
Phenanthrene 
Pyrene 

5. 28 
23. 1 
<0. SOO 
<0. 020 
<0. 020 
<0. 020 
<0. 050 
<0. 020 
<0. 150 
<0. 030 
<0. 200 
1. 24 
<0. 050 
<0. 500 
<0. 200 

Other Polynuclear Aromatic Compounds tested: 
Carbazole : INTERFERENCE 
Naphthalene : 211 

The above results are reported in ug/L . 

All LC610 identifications are from retention data only. 

o 



KEYSTONE ENVIRONMENTAL RESOURCES. INC. 

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/02/89 AT 13:07 PAGE 

SAMPLE « RSLT. LNE SOURCE 

TOTAL RECOVERABLE PHENOLICS (AS 
89010320 Phenol, mg/L 
89010321 Phenol, mg/L 
89010322 Phenol, mg/L 
89010323 Phenol, mg/L 
TOTAL ORGANIC CARBON 
89010320 TOC, mg/L 
89010321 TOC, mg/L 
89010322 TOC, mg/L 
89010323 TOC, mg/L 
TOTAL DISSOLVED SOLIDS 
89010320 Total DSei80C, mg/L. 
89010321 Total DSei80C, mg/L. 
89010322 Total DSStSOC, mg/L. 
89010323 Total DSGISOC, mg/L. 
IRON (TOTAL) 
89010320 Iron-Total, ug/L. ... 
89010321 Iron-Total, ug/L.... 
89010322 Iron-Total, ugi/L. . . . 
89010323 Iron-Total, ug/L.... 
MANGANESE (TOTAL) 
89010320 Manganese, ug/L 
89010321 Manganese, ug/L 
89010322 Manganese, ug/L 
89010323 Manganese, ug/L 

PHENOL) 
0. 042 INIT 2 UFI 1 COM 
0. 030 INIT 3 WELL. COM 
0. 007 FILT 2 WELL COM 
<0. 005 FILT 3 WELL COM 

4. 87 INIT 2 WELL COM 
2. 86 INIT 3 WELL COM 
4. 14 FILT 2 WELL COM 
3. 03 FILT 3 WELL COM 

712 INIT 2 WELL COM 
569 INIT 3 WELL COM 
861 FILT 2 WELL. COM 
643 FILT 3 WELL COM 

1890 INIT 2 WELL COM 
1640 INIT 3 WELL COM 
<100 FILT 2 WELL COM 
165 FILT 3 WELL COM 

430 INIT 2 WFI 1 COM 
287 INIT 3 WELL COM 
47. 5 FILT 2 WELL COM 
2-18 FILT 3 WELL COM 



r-« 

s^Ensecc 

n 

Polynuclear Aromatic Hydrocarbons, SIM 

PAH SIM 

Client Name: REMEDIATION TECHNOLOGIES, INC. 
Client ID: Flit. 3 well comp 
Lab ID: Q03284-Q002-SA Enseco ID: 1025816 
Matrix: AQUEOUS Sampled: 10 JAN 89 
Authorized: 11 JAN 89 Prepared': 11 JAN 89 

Parameter 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo{b}thiophene 
Quimotine 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Blphenyl 
Acenapnthylene 
Acenaphthene 
Oibenzofuran 
Fluorene 

J Dibenzothiophene 
Phenanthrene 

IE Anthracene 
Acridine 

-• Carbazole 
F1uoranthene 
Pyrene 
Benzo(a}anthracene 
Chrysene 
Benzo(b}fluoranthene 
Benzo{k)fluoranthene 
7,12-Dimethylbenz-

anthracene 

3
Benzo; e pyrene 
Benzo ajpyrene 
Perylene 
3-Methyl choil anthrene 
Oibenz a,h 
Oi'benz a,c 
Benzo(9,h, 
Indeno 

anthracene 
anthracene 
),perylene 

i,,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl'2 

Wet wt. 
Result Units 

190 ng/L 
12000 ng/L 

11 ng/L 
56000 ng/L • 
12000 ng/L 

NO ng/L 
ND ng/L 

380 r^q/l 
2000 ng/L 
260 ng/L 
NO ng/L 

1600 ng/L 
330 ng/L 
380 ng/L 
44 ng/L 
230 ng/L 
NO ng/L 
NO ng/L 

9600' ng/L 
99 ng/L 
58 ng/L 
NO ng/L 
12 ng/L 
ND ng/L 
NO ng/L 

NO ng/L 
NO ng/L 
NO ng/L 
NO ng/L 
NO ng/L 
NO ng/L 
NO ng/L 
NO ng/L 
ND ng/L 

40.8 % 
402 % 
36.8 % 

Received!: 11 JAN 89 
Analyzed: 17 JAN 89 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 . 
10 
10 
10 
10 
10 
10 
10 
10 

NO^Not Detected 
NA-Not Applicabil<e 

Reported By: Phillip Tallarico Approved By: Jeff Lowry 

The cover Tetter is an integral part of this report. 
Rev 230787 



KEYSTONE ENVIRONMENTAL RESOURCES. INC 
Pagie- 2 

TABLE 2: SUMMARY OF LC61'0 DATA 

Sample: 89010321 

Date Collected: 01/10/89 
Date Received.- 01/11/89 

Date Extracted; 
Date Analyz.ed: 

01/11/89 
01/31/89 

Source: INIT 3 WELL COM 
Description: WATER SAMPLES 

Clean up Method 

silica gel clean-up. 
florisil clean-up 
alumina clean-up 
sulfur clean-up 

_yes 
_yies 
_yea 
.yes 

_no 
_no 
_no 
•no 

Polynuclear Aromatic Hydrocarbons 

Acenaphthene 5 28 
Acenaphthylene 22. 0 
Anthracene <0. 500 
Benzo(a)anithracene. . . . 0. 024 
Benzo(a)pyrene <0. 020 
Benzo-Cb )f luoranthene. . <0. 020 
Benzo(gih.i)perylene.. <0. 050 
Benzo'C k )f luoranthene.. <0. 020 
Chrysene <0. 150 
Ditenz(ah)anthracene. . <0. 030 
Fluoranthene 0. 287 
Fluorene 2. 02 
lndeno(123-cd )'pyrene. . <0. 050 
Phenanthrene 1. OS 
Pyrene <0. 200 

Other Polynuclear Aromatic Compounds tested': 
Carta z 0,1 e : INTERFERENCE 
Naphthalene 137 

The above results are reported in ug/L . 

All LC610 identifications are from retention data only. 



/ 

Polynuclear Aromatic Hydrocarbons, SIM 

PAH SFM 

Client Name: REMEDIATION TECHNOLOGIES, INC. 
Client ID: ATC 3 WELL EFF 
Lab ID: 003625-0001-SA Enseco ID: 1028223 
Matrix: AQUEOUS Samplied: 14 FEB 89 
Authorized: 15 FEB 89 Prepared: 20 FEB 89 

Parameter 

2,,3-Benzofuran 
2,3-Oihydroindene 
Indene 
Naphthalene 
Benzo('b)thiiophene 
Quinoiine 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazoilie 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo iblfluoranthene 
Benzo{k)f1uoranthene 
7,12-DimethyTbenz-

anthracene 
pyrene 
pyrene 

Benzo 
Benzo 
Perylene 
3-Methylcholanthrene 
Dibenz(a,h 
Dibenz(a,c 
Benzo(d,h. 

anthracene 
anthracene 
:) perylene 

Received: 15 FEB 89 
Analyzed: 24 FEB 89 

Indeno(l,2,3-c,d)pyrene 

Naphtha1ene-d8 
Fluorene-dlO 
Chrysene-dl2 

Wet wt. 
Resuilt Units 

ND ng/L 
ND ng/L 
ND ng/L 
79 ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
13 ng/L 
10 ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
NO ng/L 
ND ng/L 

ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 
ND ng/L 

112 % 
103 % 
58.0 % 

Re iporting 

•10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

ND-Not Detected 
NA-Not Applicable 

Reported By: Phillip Tallarico Approved By: Jeff Lowry 



APPENDBX B 

ATTACHMENT 4 

BREAKTHROUGH MONITORING 



ZS-riPP-l'JB? P>u£ 1 

auntnary of Analytical Results 

Data received: jO-rtAR-1989 Customer: ReTec Job name: M85-03.1J6 

Samolas 

Keystone ID 13i-001 136-002 136-003 136-004 136-005 136-006 
Data aamolad :9-MAR-1969 29-KAR-19S9 29-MAR-1989 :9-«AR-1989 29-MAR-1939 29-MAR-19B9 
Customer ID INF-I AC3 EFF-I BNK-I NKl-INFTNK Mkl-SFCEFF WKI-ACIEFF 

Parameters Units 

Biccnemical Oxygen Demand mg/L 5.43 ^1.00 <1.00 N/A N/A N/A 
COD mg/L 16.0 ao.o ^10.0 N/A N/A N/A 
Ferrous Iron mg/L 0.411 <0.100 <0.100 0.166 <0.100 N/A 
Hardness mg/L 453 443 <1.00 N/A N/A N/A 
Ammonia Nitrogen as N mg/L U.OO <1.00 xl.OO N/A N/A N/A 
Nitrite as N mg/L <0.020 <0.020 <0.020 N/A N/A N/A 
Nitrate as N mg/L s0.020 <0.020 0.033 N/A N/A N/A 
Oil and Oreasa mg/L <6.00 <6.00 '6.00 N/A N/A N/A 
pri units 7.9 7.8 6mO 7.4 7.2 N/h 
Phenol mg/L 0.074 <0.005 <0.005 <0.005 0.0360 • N/A 
Orthophosphate mg/L <0.010 0.030 0.014 N/A N/A N/A 
Total Dissolved Solids mg/L 673 SmO <1.00 N/A N/A N/A 
Total Organic Carbon mg/L 7.15 <1.00 <1.00 6.86 7.35 N/A 
Total Suspended Solids mg/L 10.0 16.0 1.00 14.0 8.00 N/A 
Silver ug/L <10.0 <10.0 N/A N/A N/A N/A 
Arsenic ug/L <10.0 <10.0 N/A N/A N/A N/A 
Beryllium ug/L <5.00 <5.00 N/A N/A N/A N/A 
Cadmium ug/L <5.00 <5.00 N/A N/A N/A N/A 
Chromium ug/L <10.0 <10.0 N/A N/A N/A N/A 
Copper ug/L <25.0 <25.0 N/A N/A N/A N/A 
Iron ug/L 1840 <100 <100 1730 <100 N/A 
Dissolved Iron ug/L <100 <100 <100 <100 <100 N/A 
Manganese ug/L 374 33.9 <15.0 3480 21.5 N/A 
Nickel ug/L <40.0 <40.0 N/A N/A N/A N/A 
Lead ug/L <10.0 <10.0 N/A N/A N/A N/A 
Antimony ug/L <60.0 <60.0 N/A N/A N/A N/A 
Selenium ug/L <5.00 <5.00 N/A N/A N/A N/A 
Thallium ug/L <10.0 <10.0 N/A N/A N/A N/A 
Zinc ug/L 85.4 <20.0 N/A N/A N/A N/A 



:8-flPR-19G5 Pice 

Suminary of Analytical Results 

Date peceived: 30-MAR-19B9 Custoner: RaTec JoD name: MB9-03.136 

Samples 

Keystone ID 
Date Saoaled 
Customer ID 

Parameters 

Total Busoendec Solics 

136-007 136-008 136-009 
:9-rff«-1989 29-WAR-19B9 29-l1AR-I9a9 
MHl-ACZEFF aKl-ACjEFF MK1-3«1 

Units 

mg/L N/fi N/H 1050 



2a-APR-1989 Page 3 

Sunoary of Analytical Results 

Date received: 30-MAR-1989 Custoiier: ReTec JoD name: H89-03.13i 

Keystone ID 
Date Sampled 
Customer ID 

Samoles 

136-001 136-002 
29-MAR-19B9 29-MAR-1989 
INF-I AC3 EFF-I 

Parameters Units 

6C608 
a-BHC uq/L <0.500 <0.050 
g-BHC ug/L <0.500 <0.050 
b-BHC ug/L <0.050 <0.050 
Heptachlor ug/L <0.050 <0.050 
d-BHC ug/L <0.050 <0.050 
Aldrin ug/L <0.050 <0.050 
Heptachlor epoxide ug/L <0.050 <0.050 
Endosulfan I ug/L <0.050 <0.050 
4,4'-DDE ug/L <0.100 <0.100' 
Dieldrin ug/L <0.100 <0.100 
Endrin ug/L <0.100 <0.100 
4,4'-DDD ug/L <0.100 <0.100 
Endosulfan II ug/L <0.100 <0.100 
4,4'-DDT ug/L <0.100 <0.100 
Endnn aldehyde ug/L <0.100 <0.100 
Endosulfan sulfate ug/L <0.100 <0.100 
Nethoxychlor u^L <0.500 <0.500 
Chlordane ug/L <0.500 <0.500 
Toxaphene ug/L <1.00 <1.00 
PCB-1016 ug/L <0.500 <0.500 
PCS-1221 ug/L <0.500 <0.500 
PCB-12a2 ug/L <0.500 <0.500 
PCB-1242 ug/L <0.500 <0.500 
PCB-1248 ug/L <0.500 <0.500 
PCB-1254 ug/L <1.00 <1.00 
PCB-1260 ug/L <1.00 <1.00 



28-APR-1989' Page 4 

Suonary of Analytical Results 

Date received; 30-NAR-1989 CustoBer; ReTec Job name; MB9-03.136 

Keystone ID 
Date Samoled 
'Customer ID 

Samples 

136-001 
29-MAR-1989 
INF-I 

136-002 
29-MAR-1989 
AC3 EFF-I 

136-003 
29-MAR-1989 
m-i 

136-004 
29-MAR-1989 
Hkl-INFTNK 

136-005 
29-MAR-1989 
WKl-SFCEFF 

136-006 
29-NAR-1989 
NKI-ACIEFF 

Parameters Units 

LC610 
Carbazole ug/L 2.30 <2.00 N/A 2.38 2.49 <2.00 
Naphthalene ug/L 765 <2.00 N/A 866 743 <2.00 
Acenaphthylene ug/L 84.0 <2.00 N/A 40.6 34.0 <2.00 
Acenaphthene ug/L 48.9 <2.00 N/A 35.9 31.0 <2.00 
Fluorene ug/L 13.3 <0.200 N/A 12.5 9.83 <0.200 
Phenanthrene ug/L 7.21 <0.500 N/A 8.17 5.66 <0.500 
Anthracene ug/L <0.500 <0.500 N/A 2.65 <0.500 <0.500 
Fluoranthene u^L <0.200 <0.200 N/A <0.200 <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 N/A <0.200 <0.200 <0.200 
Ben:o(a)anthracene u^L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 N/A <0.150 <0.150 <0.150 
Benzo('b) fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzo(k)fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzo(a)pyrene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 



28-APR-19a9 Page 5. 

SuDoary of Analytical Results 

Date received: 30-HAR-i989 Custoner: ReTec Job name: H89-03.136 

Keystone ID 
Date Sanpled 
Customer ID 

Samoles 

136-007 
29-NAR-1989 
NK1-AC2EFF 

136-008 
29-MAR-1989 
HK1-AC3EFF 

Parameters Units 

LC610 
Carbazole ug/L <2.00 <2.00 
Naphthalene ug/.L <2.00 <2.00 
Acenaphthylene ug/L <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 
Fluorene ug/L <0.200 <0.3)0 
Phenanthrene ug/L <0.500 <0.500 
Anthracene ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzol a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Benzo(b).fluoranthene ug/L <0.020 <0.020 
Benzo(k|fluoranthene ug/L <0.020 <0.020 
Benzola)pyrene ug/L <0.020 <0.020 
Dibenzo(a,h)anthracene u^L <0.030 <0.030 
Benzolg,h,i)perylene ug/L <0.050 <0.050 
Indenoll,2,3-c,d)pyrene u^L <0.0S) <0.050 



28-APR-1989 Page 6 

Summary of Analytical Results 

Date received: aO-MAR-1989 Customer: ReTec Job name: H89-03.136 

Keystone ID' 
Date Sampled' 
Customer ID 

Samples 

136-001 136-002 
29-MAR-1989 29-«WR-i989 
INF-I AC3 EFF-I 

Parameters Units 

HS624 
Chloromethine 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Trichlorofluoromethane 
1,1-Dichloroethene 
1.1-Dichloroethane 
transrl,2-Dichloroethene 
Chloroform 
1.2-Dicnloroethane 
1.1.1-Trichloroethane 
Carbon tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichlonopropene 
Trichloroethene 
Benzene 
Dibromochloroethane 
1.1.2-Trichlorathane 
trans-1,3-Dichloropropene 
2-Chloroethylvinyl ether 
Bromofora. 
i,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 

ug/L <10.0 <10.0 
ug/L <10.0 <10.0 
ug/L 31.0 <10.0 
ug/L <10.0 <10.0 
ug/L 17.0 15.0 
u^L <10.0 <10.0 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 40.0 <5.00 
ug/L <5.00 <5.00 
u^L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 110 <5.00 
ug/L 97.0 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <10.0 <10.0 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L 57.0 <5.00 
ug/L 11.0 <5.00 
ug/L <5.00 <5.00 
u^L 79.0 <5.00 



2B-APR-19S9 Page 7 

Sumary of Analytical Results 

Date receives: aO-HAR-19a9 Custoner: ReTec Job nane: HB9-03.ia<i 

Keystone ID 
Date Sanpled 
Custoner ID 

Sanoles 

136-002 
29-11AR-1989 
Ai:3 EFF-I 

Paraneters 

nS625 

Units 

1,3-Dichlorobenzene ug/L <20.0 
1,4-Dichlorobenzene ug/L <20.0 
Hexachloroethane ug/L <20.0 
Bis(2-chloroethylJ ether ug/L <20.0 
1,2-Dichlorobenzene ug/L <20.0 
Bis(2-chloroisopropyl) ether ug/L <20.0 
N-Nitrosodi-n-propylanine ug/L <20.0 
Nitrobenzene ug/L <20.0 
Hexachlorobutadiene ug/L <20.0 
1,2,A-Trichlorobenzene u^L <20.0 
Isophorone ug/L <20.0 
Naphthalene u^L <20.0 
Bis(2-chloroethoxy) nethane' ug/L <20.0 
Hexachlorocyclopentadiene ug/L <20.0 
2-Chloronaphthalene ug/L <20.0 
Acenaphthylene ug/L <20.0 
Acenaphthene u^L <20.0 
Dinethyl phthalate u^L <20.0 
2,6-Dinitrotoluene ug/L <20.0 
Fluorene ug/L <20.0 
4-ehlorophenyl phenyl ether ug/L <20.0 
2,4-Dinitrotoluene ug/L <20.0 
Oiethylphthalate ug/L <20.0 
N-Nitrosodiphenylaaine ug/L <20.0 
Hexachlorobenzene ug/L <20.0 
4-Bronophenyl phenyl ether ug/L <20.0 
Phenanthrene ug/L <20.0 
Anthracene u^L <20.0 
Fluonanthene ug/L <20.0 
Pyrene ug/L <20.0 



2BrAPfi-l98'9 P^ge 8' 

Sunnary of Analytical Results 

Date received: 30-HAR-1989 Custoeer: ReTec Job nane: NB9-03.136. 

Keystone ID 
Date Saopled 
Custoner ID 

Sanples 

136-002 
29-KAR-1989 
AC3 EFF-I 

Paraoeters Units 

MS62S (continued) 
Benzidine 
Butyl benzyl phthalate 
Bis(2-ethylexyl) phthalate 
Chrysene 
Benzola)anthracene 
3,3'-Dichlorobenzidine 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenzoi a,h)anthracene 
Benzolghiiperylene 
N-NitrosodiBethylaiiiine 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Duiethylphenol 
4,6-Dinitro-2-ttethyIphenol 
2,4-Dinitrophenol 
2-Nitraphenol 
4-Nitrophenol 
4-Chloro-3-aethyIphenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 
Di-n-butyl phthalate 
1,2-Diphenylhydrazine' 

ug/L <200 
ug/L <20.0 
ug/.L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <40.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <100 
ug/L <100 
ug/L <20.0 
ug/L <100 
ug/L <20.0 
ug/L <100 
ug/L <20.0 
ug/L <20.0 
ug/L <20;0 
ug/L <20.0 



:5-fipR-i9a9 Page 1 

Sunnary of Analytical Results 

Dare received: 4-APR-19a9 Custoner: ReTec Joo naae: PG9-04.6 

Ssisples 

Keystone ID b-m 6-001 6-003 6-004 
Date Saspied 3-APR-1959 3-APR-19a9 3-APR-19H9 3-APR-1939 
Cbstoaer ID mi INFTNk «K#2 SFLEFF «Rif: ACIEF- nK»2 DN 1 

Paraneters Units 

Ferrous iron mg/'i. . \0A00 ^0.100 fvA N/A 
pH 7.3 7.5 N/A N/A 
Phenol mg/l 0.016 0.015 N0.005 N/A 
Total Qrganic Caroon og/L 17.3 4.41 N/A N/A 
Total Suspended Solios mg/L a.oo 4.00 N/A 362 
Iron ug/L 1610 6540 N/A N/A 
Dissolved Iron ug/L 1750 21S0 N/A N/A 
Manganese ug/L ZBO 7060 N/A N/A 



i^iaa Z 

Suiiiiiiiry of HTuiytisai Reaults 

Dite racai/sc: •J-HPft-l9a5 CusToaar; ftalac Joe rJEa: 

Sair-ples 

Faystona ID 6-001 6-002 6-003 
DiTa Sanolad 3-APR-1989 3-APR-19B9 3-PPR-1989 
Custoaar ID Wk?2 INFTNK WKIfZ SFCEFF HK62 ACIEFF 

Parametars units 

LC6iO 
Caraazola ug/L <2.00 <2.00 <2.00 
Napnthalane ug/L 885 950 <2.00 
flcanapnthylena ug/L 39.9 44.9 <2.00 
Acenapftthene ug/L 41.3 50.; <2.00 
Fluorene ug/L 12.2 13.8 0.655 
Phenanthrana ug/L 7.47 9.16 0.830 
Anttiracana ug/L <0.500 0.503 <0.500 
Pluoranthane ug/L <0.200 <0.200 <0.200 
Pyrane ug/L \o.:oo <0.200 <0.200 
Ben:o(a)anthracene ug/'L <0.020 N0.020 <0.020 
Chrysana ug/L '.0.150 <0.150 <0.150 
Banzctbjflucranthene ug/L <0.020 <0.020 <0.020 
Benzolklfluorantnana ug/L <0.020 <0.020 <0.020 
Benzoiajpyrane ug/L <0.020 <0.020 <0.020 
Dioanzoia,n)antnracena ug/L <0.o30 <0.030 <0.030 
Ban:oig,h,i';oarylane ug/L <0.050 <0.050 <0.050 
Inaenoi1,2,3-c,d)pvrane ug/L <0.050 <0.050 <0.050 



5-lttY-1989 Page 1 

Suuary of Analytical Results 

Date received: ll-APR-1989 Custooer: ReTec Job naae: NB9-04.42 

Sanples 

Keystone ID 42-001 42-002 42-003 42-004 42-009 42-006 
Date Sanpled lO-APR-1989 10-ff)R-1989 lO-APR-1989 lO-APR-1989 lO-APR-1989 lO-APR-1989 
Custooer ID MCn INFINK H«3 SFCEFF HKH ACIEFF HKn AC2EFF HKtt AC3EFF M(i3 BUI 

Paraseters Units 

Ferrous Iron •g/L <0.100 <0.100 N/A N/A N/A N/A 
PH units 7.3 7.4 N/A N/A N/A N/A 
Phenol eg/L 0.022 0.028 <0.009 <0.009 <0.009 N/A 
Total Organic Carbon ng/L 101 101 N/A N/A N/A N/A 
Total Suspended Solids ng/L 12.0 1.00 N/A N/A N/A 2270 
Iron ug/L 1700 <100 N/A N/A N/A N/A 
Dissolved Iron ug/L 1890 <100 N/A N/A N/A N/A 
Manganese ug/L 3390 169 N/A N/A N/A N/A 

LC&IO 
Carbazole ug/L <2.00 <2.00 N/A <2.00 <2.00 N/A 
Naphthalene ug/L 4.22 311 N/A <2.00 <2.00 N/A 
Acenaphthylene ug/L 4.93 17.3 N/A <2.00 <2.00 N/A 
Acenaphthene ug/L 24.9 38.0 N/A <2.00 <2.00 N/A 
Fluorene ug/L 10.8 11.6 N/A <0;200 <0.200 N/A 
Phenanthrene ug/L &.48 9.43 N/A <0.900 <0.900 N/A 
Anthracene ug/L <0.900 <0.900 N/A <0.900 <0.900 N/A 
Fluoranthene ug/L <0.200 <0.200 N/A <0.200 <0.200 N/A 
Pyrene ug/L <0.200 <0.200 N/A <0.200 <0.200 N/A 
Benzola)anthracene ug/L <0.020 <0.020 N/A <0.020 <0.020 N/A 
Chrysene ug/L <0.190 <0.190 N/A <0.190 <0.190 N/A 
Benzolb)fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 N/A 
Benzo(k)fluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 IN/A 
Benzola)pyrene ug/L <0.020 <0.020 N/A <0.020 <0.020 N/A 
Dibenzola,h)anthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 N/A 
Benzo(g,h,i),perylene ug/L <0.090 <0.090 N/A <0.090 <0.090 N/A 
Indeno(l,2,3-c,d)pyrene ug/L <0.090 <0.090 N/A <0.090 <0.090 N/A 



30-MAY-19B9 Page 1 

Suooary of Analytical Results 

Date received: lB-APR-1989 Custoner: ReTec Job nane: M89-04.85 

Sanples 

Keystone 10 85-001 85-002 85-003 85-004 
Date Sampled 17-APR-1989 17-APR-19B9 17-APR-1989 17-APR-l^ 
Customer ID HK»4 INFTNK NK»4 SFCEFF HK»4 ACIEFF HK»4 BHl 

Parameters Units 

Ferrous Iron mg/L <0.100 <0.100 NR' 
PH units 7.7 7.5 NR Iffi 
Phenol mg/L 0.007 0.019 <0.005 NR 
Total Organic Carbon mg/L 6.14 11.7 NR NR 
Total Suspended Solids mg/L 15.0 <1.00 NR 394 
Iron ug/L 1840 <100 NR NR 
Dissolved Ironi ug/L 1820 <100 NR NR 
Manganese ug/L 4600 41.4 NR NR 

LC610 
Carbazole ug/L 34.8 <2.00 <2.00 NR 
Naphthalene u^L 8.18 110 <2.00 NR 
Acenaphthylene ug/L <20.0 <2.00 <2.00 Iffi 
Acenaphthene ug/L 31.9 <2.00 <2.00 NR 
Fluorene ug/L 12.6 9.63 <0.200 NR 
Phenanthrene ug/L 8.37 1.81 <0.500 NR 
Anthracene ug/L <0.500 <0.500 <0.500 NR 
Fluoranthene ug/L <0.200 <0.200 <0.200 NR 
Pyrene ug/L <0.200 <0.200 <0.200 m 
Benzo(a)anthracene ug/L <0.020 <0.020 <0.020 NR 
Chnysene u^L <0.150 <0.150 <0.150 NR 
Benzo(b),fluoranthene ug/L <0.020 <0.020 <0.020 NR 
Benzo(k|fluoranthene ug/L <0.020 <0.020 <0.020 NR 
Benza(a)pyrene ug/L <0.020 <0.020 <0.020 m 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 <0.030 NR 
Benzo(g,h,i)perylene' ug/L <0.050 <0.050 <0.050 NR 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 NR 



30-MAY-1989 Pige 2 

Sumary of Analytical Results 

Date received: 18-APR-i989 Custaeer: ReTec Job nane: H89-04.85 

Keystone 10 
Date Saapled 
'Custoner ID 

Sanples 

85-005 
17-APR-1989 
FEED TO INFTNK 

Paraaeters Units 

nS625 
1,3-Dichlorobenzene ug/L <10.0 
i,4-Dichlorobenzene ug/L <10.0 
Hexachloroethane ug/L <10.0 
Bisl2-chloroethyl) ether ug/L <10.0 
i,2-Dichlorobenzene ug/L <10.0 
Bis(2-chloroisopropyl) ether ug/L <10.0 
N-Nitrosodi-n-propylaaine ug/L <10.0 
Nitrobenzene ug/L <10.0 
Hexachlorobutadiene ug/L <10.0 
1,2,4-Tr ichlorobenzene ug/L <10.0 
Isophorone ug/L <10.0 
Naphthalene ug/L 470 
Bis(2-chloroethoxy) nethane ug/L <10.0 
Hexachlorocyclopentadiene u^L <10.0 
2-Chloronaphthalene ug/L <10.0 
Acenaphthylene u^L <10.0 
Acenaphthene ug/L 35.0 
Dinethyl phthalate ug/L <10.0 
2,6-Dinitrotoluene ug/L <10.0 
Fluorene ug/L 12:0 
4-Chlorophenyl phenyl ether ug/L <10.0 
2,4-Oinitnotoluene ug/L <10.0 
Diethylphthalate ug/L <10.0 
N-Nitrosodiphenylaaine ug/L <10.0 
Hexachlorobenzene ug/L <10.0 
4-Broiaophenyl phenyl ether ug/L <10.0 
Phenanthrene ug/L <10.0 
Anthracene ug/L <10.0 
Fluoranthene ug/L <10.0 
Pyrene ug/L <10.0 



30-MAY-1989 Pige 3 

Sumary of Analytical Results 

Date received: 18-APR-1989 Custoaer: ReTec Job nane: N89-04.85 

Keystone ID 
Date Sampled 
Customer ID 

Samples 

85-005 
17-APR-I989 
FEED TD INFThK 

Parameters Units 

NSb25 (continued: 
Benzidine 
Butyl benzyl phthalate 
Bis(2-ethylexyl) phthalate 
Chrysene 
Benzo(a)anthracene 
3,3'-Dichlorobenzidine 
Di-n-octyl phthalate 
Benzolb)fluoranthene 
Benzo(k)fluoranthene 
Benzotalpyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenzola,hianthracene 
Benzol ghDperylene 
N-Nitrosodimethylamine 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-methylphenol 
Pentachlorophenol 
Phenol 
2,4, &-T richlorophenol 
Di-n-butyl phthalate 

ug/L <100 
ug/L <10.0 
ug/L 37.0 
ug/L <10.0 
ug/L <10.0 
ug/L <20.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 
ug/L <50.0 
ug/L <50.0 
ug/L <10.0 
ug/L <50.0 
ug/L <10.0 
ug/L <50.0 
ug/L <10.0 
ug/L <10.0 
ug/L <10.0 



ll-HAY-1989 Page 1 

Suuary of Analytinl Results 

Date received: 2S-APR-1989 Custoaer: ReTec Job nane: NB9-04.119 

Saeples 

Keystone ID 119-001 119-002 119-003 119-004 119-005 119-006 
Date Saepied 24-APR-1989 24-APR-1989 24-flPR-1989 24-APR-1989 24-flPR-1989 24-APR-1989 
Custooer ID MCS INF INK HK5 ACl EFF MK5 AC2 EFF HK5 AC3 EFF wsm MS SFC EFF 

ParaneterS' Units 

Biocheaical Oxygen Denand ng/L m m m VR <1.00 m 
Ferrous Iron •g/L <0.100 Mt m NR <0.100 
PH units 7.2 m NR NR 7.6 
Phenol eg/L NR <0.005 <0.005 <0.005 w <0.005 
Total Organic Carbon e^L 5.68 m NR m 49.9 5.59 
Total Suspended Solids •g/L 14.0 NR NR NR 970 <1.00 

Iron ug/L 1800 NR NR NR m <100 
Dissolved Iron ug/L 1800 m m NR m <100 
Hanganese ug/L 6080 NR NR m 30.6 

LC£10 
Carbazole ug/L <2.00 <2.00 <2.00 <2.00 <2.00 Interference 
Naphthalene ug/L 631 <2.00 <2.00 <2.00 7.71 554 
Acenaphthylene ug/L 3.70 <2.00 <2.00 <2.00 <2.00 6.07 
Acenaphthene ug/L 19.0 <2.00 <2.00 <2.00 3.55 19.9 
Fluorene ug/L 6.79 <0.200 <0.200 <0.200 2.15 6.74 
Phenanthrene ug/L 5.30 <0.500 <0.500 <0.500 1.87 4.76 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 
Pyrene ug/L 0.262 <0.200 <0.200 <0.200 <0.200 <0.200 
B«zo(a)anthracene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Chryscnc ug/L <0.150 <0.150 <0.150 <0.150 <oaso <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzo(k)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzo(a)pyrene' ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 <0.050 <0.060 <0^050 <0.050 
Indenol1,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 <0.050 <0.060 



S-JUN-1989 Higa I 

Suniury of Analytical Results 

Date peceivea; 2-MAY-1969 Customer: Relec Job name: MB9-05.19 

Keystone ID 
Date Sampled 
Customer ID 

Samoles 

19-001 
l-WAV-1989 

ri(6 INFTNK 

19-002 
1-MAY-19B9 

I1IK6 SFCEFF 

19-003 
1-I1AY-1989 

HK6 ACIEFF 

19-004 
l-MAY-1989 

HK6 BUI 

Parameters units 

Ferrous Iron mg/L \0.100 <0.100 
pH units 7.4 7.8 
Phenol mg/L 0.009 0.009 
Total Organic Carbon mg/L 33.0 7.98 
Total Suspended Solids mg/L 19.0 5.00 
Iron ug/L 1790 <100 
Dissolved Iron ug/L \loO <100 
Manganese ug/L 5460 250 

LC610 
Carbazole ug/L \2.00 Interference 
Naphthalene ug/L 494 672 
Acenaphthylene u^L Interference Interference 
Acenaphthene ug/L 7.39 14.4 
Fluorene ug/L 5.84 11.4 
Phenanthrene ug/L 3.31 6.73 
Anthracene ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzolalanthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 
Benzo(k) fluoranthene u^L <0.020 <0.020 
Benzola)pyrene ug/L <0.020 <0.020 
Dibenzo|a,h)anthracene ug/L (0.030 <0.030 
Benzolg,h,i)pet7lene ug/L <0.050 <0.050 
Indeno|l,2,3-c,d)pyrene ug/L <0.050 <0.050 

NR 
MR 
<0.005 
NR 
NR 
NR 
NR 
NR 

'2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

NR 
NR 
NR 
NR 

1140 
NR 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

V 



8-JUN-19B9 Pige 1 

Sunnarv of Analytical Results 

Data received; 9-KAY-1909 CustOBer; ReTec Job name: M89-05.70 

Sanples 

<evetone ID 70-001 70-002 70-003 70-004 70-005 70-006 
•jixa Saopled 8-HAY-1989 8-MAY-19e? 8-flAY-19B9 8-MAY-19e9 8-KAY-l''e9 e-MAY-1989 
Ijstoiaer ID m INFTM< WK7 5FCEFF WK7 ACIEFF »K7 ACIEFF va AC3EFF HK7 BUI 

iriaaters Units 

errous Iron ng/L <0.100 <0.100 NR NR NR m 
1 units 7.5 7.5 NR NR NR NR 
-enol ng/L <0.005 O.OM <0.005 <0.005 <0.005 NR 
tal Organic Cardon ng/L 6.59 6.99 NR NR NR 3.77 
lal Suspended Solids ng/L 29.0 3.O0 NR NR NR 292 
ocneaical Oxygen Demand ng/L Nfi NR NR NR NR <1.00 
jn ug/L 2010 150 NR NR NR 
ssolved Iron u^L UOO <100 NR NR NR NR 
tganese 

J 

ug/L 7310 248 NR NR NR 

.10 / 
irbizole ug/L <2.00 Interference <2.00 <2.00 <2.00 <2.00 
i^^alene ug/L 598 10.2 <2.00 <2.00 <2.00 4.31 
^nthylene ug/L Interference Interference <2.00 <2.00 <2.00 <2.00 
:enaphthene ug/L 5.68 <2.00 <2.00 <2.00 <2.00 2.45 
.uorene ug/L 4.45 13.1 <0.200 <0.200 <0.200 3.35 
enanthrene u^L 3.22 4.72 <0.500 <0.500 <0.500 0.799 
tnracene ug/L <0.500 2.21 <0.500 <0.500 <0.500 <0.500 
joranthene ug/L <0.200 0.218 <0.200 <0.200 <0.200 <0.200 
-ane ug/L <0.200 0.262 <0.200 <0.200 <0.200 <0.200 
-i:o(a) anthracene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
-'vsene ug/L <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 
':o(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
-:a(i()fluaranthene u^L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
:o(a)pvrene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
enzo(a,h)anthracene u^L <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 
:o|gih,i)perylene ug/L <0.050 <0.050 <0.050 <0.050' <0.050 <0.050 
:no(l(2,3-c,d)pyrene u^L <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 



16-JUfM9e9 Piga 1 

Sunaary of Analytical Results 

Date received: 16-NAY-1989 

Saaples 

Custoaer: ReTec Job naae: N89-05.98 

keystone ID 98-001 98-002 98-003 98-004 
Date Sanpled 15-MAY-19B9 15-NAY-1989 15-MAY-1989 15-BAY-19B9 
Custoner ID tlk8 INFTNk HK8 SFCEFF Uk8 ACIEFF 'HK8 BUI 

Parmeters Units 

Ferrous Iron ng/L <0.100 <0.100 NR NR 
PH: units 7.5 7.5 NR NR 
Phenol ag/L <0.005 <0.005 <0.005 NR 
Total Organic Carbon ag/L 7.35 7.16 NR 
Total Suspended Solids ag/L 15.0 1.00 NR 522 

Iron ug/L 1880 <100 NR NR 
Dissolved Iron ug/L 1920 <100 m NR 
Manganese u^.L 5050 160 NR NR 

LC61U 
Carbazole ug/L 23.7 18.7 <2.00 NR 
Naphthalene ug/L 691 732 <2.00 NR 
Acenaphthylene u^L <20.0 <20.0 <2.00 NR 
Acenaphthene ug/L <20.0 <20.0 <2.00 lA 
Fluorene ug/L 10.6 9.25 (0.200 NR 
Phenanthrene ug/L 7.09 7.02 <0.500 NR 
Anthracene ug/L <0.500 <0.500 <0.500 NR 
Fluoranthene ug/L <0.200 <0.200 <0.200 NR 
Pyrene ug/L <0.200 0.204 <0.200 NR 
Benzola)anthracene ug/L <0.020 <0.020 <0.020 NR 
Chrysene ug/L <0.150 <0.150 <0.150 NR 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 NR 
Benzo(k)fluoranthene ug/L <0.020 <0.020 <0.020 NR 
Benzo(a)pyrene ug/L <0.020 <0.020 <0.020 NR 
Dibenzola,h)anthracene u^L <0.030 <0.030 <0.030 NR 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 <0;050 NR 
Indenol1,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 NR 

v. 



15-JUN-19B9 Page 1 

Sunnary of Analytical Results 

Date received: 23-MAY-1989 Custoner: ReTec Job nane: HB9-05.130 

Samples 

Keystone ID 130-001 130-002 130-003 130-004 130-005 130-006 
Date Sampled 22-MAY-19B9 22-WAY-1989 22-NAY-1989 22-MAY-1989 22-MAY-1989 22-lttY-1989 
Custoner ID HK9-AC1 EFF. tt(9-AC2 EFF. MK9-AC3 EFF. MK9-INFTNK NK9-SFCEFF UK9-BH1 

Parameters Units 

Biochemical Oxygen Demand mg/L NR NR NR NR NR 9.15 
Ferrous Iron m^L NR NR NR <0.100 <0.100 NR 
PH units NR W 7.3 7.4 NR 
Phenol mg/L O.OOS <0.005 <0.005 0.024 0.009 NR 
Total Organic Carbon mg/L NR NR NR 7.48 8.52 78.4 
Total Suspended Solids mg/l NR NR NR 17.0 3.00^ 952 
Iron ug/L NR NR NR 1710 <100 »n 
Dissolved Iron ug/L NR NR NR 1700 <100 NR 
Manganese ug/L NR NR NR 3610 94.6 NR 

LC6iO 
Carbazole ug/L C.OO <2.00 <2.00 <2.00 Interference <2.00 
Naphthalene ug/L <2.00 <2.00 <2.00 57.2 876 462 
Acenaphthylene ug/L <2.00 <2.00 <2.00 Interference Interference Interference 
Acenaphthene ug/L <2.00 <2.00 <2.00 10.0 14.7 10.9 
Fluorene ug/L <0.200 <0.200 <0.200 9.97 11.3 9.23 
Phenanthrene ug/L <0.500 <0.500 <0.500 6.48 8.25 6.99 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 
Pyrene u^L <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 
Benzola)anthracene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 
Benzolb)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzolk)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Benzola)pyrene ug/L <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 <0.030 <0.030 <0.030 <0.030 
Benzolg,h,i)perylene ug/L <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 
Indenoll,2,3-c,d)pyrene ug/'L <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 

v.. 



:0-JL'N-:989 Pags 1 

Suonary of Analytical Results 

Date received: 6-JUN-19B9 Custoaer: ReTec Joo name: n89-06.25 

Samples 

Keystone ID 25-001 25-002 
Date Samoled 5-JUN-1969 5-JljN-1989 
Customer ID WKll ACl EFF WKll AC2 EFI 

Parameters Units 

Phenol mg/L <0.005 <0.005 

LCAIO 
Caroazole ug/L <2.00 <2.00 
Naphthalene ug/L C.OO <2.00 
Acenaphtnylene ug/L <2.00 <2.00 
Acenaphthene ug/L <2.00 <2.00 
Fluorene ug/L s0.200 <0.200 
Phenanthrene ug/L ;0.5ii0 <0.500 
Anthracene ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 '0.200 
Pyrene ug/L LO.:-OO <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L LO.150 <0.150 
Denzo(b)fluoranthene u^L ^0.020 <0.020 
Benzo(k).fluoranthene ug/L <0.020 <0.020 
Benzol a)pyrene ug/L <0.020 <0.020 
Dibenzola,h)anthracene ug/L <0.030 <0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 
Indeno(1,2,3-c,d)pyrene ug/L <0.050 <0.050 



14-JUL-I9a9 Pige 1 

Sunnary of Analytical Results 

Date received; 20-JUN-19S9 Custmner; ReTec Job name: «89-i)6.99 

Saaples 

Keystone ID 99-001 99-002 99-003 99-004 
Date Sampled 19-]UN-19fl9 19-JUN-1989 19-JUN-1989 19-JIJN-1989 
Customer ID HK13 ACl EFF HK13 AC2 EFF HK13 AC3 EFF MK13 SCF EFF 

Parameters Units 

Phenol mg/L 0.01b 0.007 <0.005 0.016 

LC610 
Carpazole ug/L \2.00 C.OO <2.00 9.12 
Naphthalene ug/L <2.00 ^2.00 <2.00 583 
Acenaphthylene u^i <2.00 <2.00 <2.00 55.6 
Acenaphthene ug/.L <2.00 <2.00 <2.00 44.7 
Fluorene ug/L ^0.200 <0.200 <0.200 12.7 
Phenahthrene u^L <0.500 <0.500 <0.500 0.73 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 
Fluoranthene u^L <0.200 <0.200 <0.200 0.355 
Pyrene ug/L <0.200 <0.200 <0.200 <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 <0.020 0.033 
Chrysene ug/L <0.150 <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzolkjfluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzola)pyrene ug/L <0.020 <0.020 <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 <0.030 <0.030 
Benzo(g,h,i]perylene ug/L <0.050 <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 



17-JUL-1''39 Piga 1 

O Sumaary of Analytical ftasults 

o 

Date rsceivaa: 6-JUL-19B9 Customep; ReTec Job name: N89-07.lfi 

Keystone lb 
Date aaaoled 
Customer ID 

Samples 

16-001 
5-JUL-19B9 
HKIS ACl EFF 

16-002 
5-JIJL-19B9 

Hkl5 AC2 EFF 

Parameters Units 

o 

Phenol 

LC610 

mg/L 0.007 <0.005 

Carbacole ug/L <2.00 <2.00 
Naphthalene ug/L <2.00 <2.00 
Acenaonthylene ug/L <2.00 -.2.00 
Acenapnthene u^L C.OO <2.00 
Fluorene ug/L \0.200 <0.200 
Phenanthrene ug/L <.0.50o <0.50C-
Anthracene ug/L <0.500 .0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzol a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 \0.150 
Benzo{b)fluoranthene ug/L <0.020 <0.020 
Benzolklfluoranthene ug/L <0.020 <0.020 
Benza(a)pyrene ui'L <0.020 <0.020 
Dibenzo(a,h)anthracene ug/L <0.030 <0.030 
Benzo|g,h,i)perylene u^L <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 
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5-3EP-1989 Pige I 

Sumaapy of flnalyticil Results 

Data received; l-flUS-1989 Customer; ReTec Job name; M89-08.1 

Samolas 

Keystone ID l-OOl 1-002 
Date Sampled 31-JUL-1989 31-JUL-1969 
Customer ID Hkl9-ACl-EFF. rtK19-AC2-EFF. 

Parameters Units 

Phenol mg/L 0.005 <0.005 

bCilO 
Carbazole ug/L <2.00 <2.00 
Naphthalene ug/L 21.4 <2.00 
Acenaphthylene ug/L <2.00 <2.00 
Acenaphthene ug/L 2.77 <2.00 
Fluorene ug/L 0.370 <0.200 
Phenanthrene ug/L <0.500 <0.500 
Anthracene • ug/L <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 
Pyrene ug/L <0.200 <0.200 
Benzo(a)anthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Benzolb)fluoranthene ug/L <0.020 <0.020 
Benzo(k)fluoranthene ug/L <0.020 <0.020 
Benzoia)pyrene ug/L <0.020. <0.020 
Dibenzo(a,h)anthr3cene ug/L <0.030 <0.030 
Benzo(g,h,i'lperylene ug/L <0.050 <0.050 
Indeno(i,2,3-c,d)pyrene ug/L <0.050 <0.050 



14-SEP-1989 Piga 1 

Sunuitary of Analytical Results 

Date received: 15-AU6-1989 

Samples 

Customer: ReTec Job name: H89-08.91 

Keystone ID 91-001 91-002 91-003 91-004 
Date Sanpled 14-AUG-1989 1'4-AUG-1989 14-AUG-19B9 14-AUG-1989 
Custoner ID WK21-ACI-EFF HK21-AC2-EFF HK21-AC3-EFF MK21-SFC-EFF 

Paraneters Units 

Phenol mg/L <0.005 <0.005 <0.005 0.012 

LC610 
Carbazole ug/L <2.00 <2.00 <2.00 <2.00 
Naphthalene ug/L <2.00 <2.00 <2.00 <2.00 
Acenaphthylene ug/L <2.00 \:.oo <2.00 <2.00 
Acenaphthene ug/.L <2.00 <2.00 <2.00 31.8 
Fluorene ug/L <0.200 <0.200 <0.200 11.3 
Phenanthrene ug/L <0.500 <0.500 <0.500 b.% 
Anthracene ug/L <0.500 <0.500 <0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 <0.200 <0.200 
Pyrene u^L <0.200 <0.200 <0.200 <0.200 
Benzolalanthracene ug/L <0.020 <0.020 <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 <0.150 <0.150 
Benzo(b)'fluoranthene ug/L <0.020 <0.020 <0.020 <0.020 
Benzo(k)fluoranthene u^L <0.020 <0.020 <0.020 <0.020 
Benzol a)pyrene ug/L <0.020 <0.020 <0.020 <0.020 
Dibenzola,h)anthracene u^L <0.030 <0.030 <0.030 <0.030 
Benzo|g,h,i)perylene ug/L <0.050 <0.050 <0.050 <0.050 
IndenoIl,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 



l-W-1989 Page 1 

Suuary of Analytical Results 

Date received; 3-DGT-1989 Customer: ReTec JOB name: M9-10.13 

Samples 

fceystone ID 13-003 13-004 13-005 13-006 
Date Sampled 2-0CT-i989 2-0CT-1989 ;-QCT-1969 2-QCT-19B9 
Customer ID UKCa ACl-EFF WK28 AC2-EFF «IC8 AC3-EFF U(28 SFC-EFF 

Parameters Units 

Phenol mg/L 0.013: 0.006 0.005 0.017 

LCSIO 
Carbazole ug/L 2.08 <2.00 <2.00 471 
Naphthalene ug/i 25.3 <2.00 <2.00 980 
Acenaphthylene ug/L 14.0 <2.00 <2.00 <20.0 
Acenaphthene ug/L 6.11 <2.00 <2.00 <20.0 
Fluorene ug/L 0.750 (0.200 <0.200 22.4 
Phenanthrene ug/L <0.500 <0.500 (0.500 13.4 
Anthracene ug/L <0.500 <0.500 <0.500 1.20 
Fluorantnene ug/L <0.200 (0.200 <0.200 <0.200 
Pyrene ug/L (0.200 (0.200 <0.200 0.854 
Benzol a)anthracene ug/L (0.020 <0.020 (0.020 <0.020 
Chrysene u^L <0.150 <0.150 <0.150 <0.150 
Benzo(b)fluoranthene ug/L <0.020 (0.020 <0.020 <0.020 
Benzo(k)fluoranthene ug/L (0.020 <0.020 (0.020 <0.020 
Benzo(a)pyrene ug/L <0.020 <0.020 (0.020 <0.020 
Dibenzo(a,h)anthracene u^L <0.030 <0.030 <0.030 (0.030 
Benzo(g,h,i)perylene ug/L <0.050 <0.050 <0.050 <0.050 
Indeno(.l,2,3-c,d)pyrene ug/L <0.050 <0.050 <0.050 <0.050 

LCIilO-SURROGATES 
2-Fluorobiphenyl 1 Recovery 88.6 75.7 82.1 Natrix Int. 
Benzo(e)pyrene Z Recovery 79.3 76.4 81.4 89.4 



3-N>-1989 Eagel 

SooiBiy of Aalytical Results 

Date XBCsived: 19-GCIV-1989 OBtaier: Relte Ji) laie: lfi9-10.109 

Sanples 

ifeystane ID 109-(XB 109-004 109-005 109-006 
DateSanpled 17-a>-1989 17-0Cr-19B9 17-0CE-19e9 17-0Cr-1989 
Qstjonnec ID NEGOSUEF HQOXSfEF H(30A2EEF WQ0K3HEF 

^lanetecs ttiits 

FIBIQI ng/ti 0.500 <0.500 <0.500 <0.500 

ICSLO 
fiai+iamlp vg/L £5.0 <2.00 ^.00 <2.00 
tfaphUalene 460 39.6 <2.00 <2.00 
ftsi^ptthylene ^.0 14.3 ^.00 <2.00 
Aoai^ittene 88.0 <2.00 <2.00 <2.00 
Flinrfins 22.2 1.10 <0.200 <0.200 
Ehenerthiae \^/L 9.50' <0.500 <0.500 0.500 
ftthsacBS 1.27 0.500 <0.500 <0.500 
Fkcagtlhene ug/L 0.560 0.200 <0.200 <0.200 
Pyrene 1.71 0.200 <0.200 <0.200 
Benzo(a)aithiacBne O.Q20 <0.020 <0.020 <0.020 
Qttj/aere \3^ <0.150 <0.150 <0.150 <0.150 
Benzo(b)£luxanthene <0.020 <0.020 <0.020 <0.020 

<0.(120 <0.020 <0.020 <0.020 
B9n23(a)pyoene <0.020 <0.020 <0.020 <0.020 
Diberao^fhlarthiaaene u^ O.CQO <0.030 <0.030 <0.030 
BenzQ(g,h,i)pei7laie u^ 0.050 <0.050 <0.050 <0.050 
Iiideno(lr2/9-cvcDiyiBne vg/h <0.050 <0.050 <0.050 <0.050 

lOSKWDFFDSflES 
2-Flu3irfa1ghayl % Rsaoseiy totrixBt. 105 79.2 83.9 
Bens)(e)pyiBe % Rsojoeiy 77.2 75.2 79.4 71.7 



APPENDIX B 

ATTACHMENT 5 

NPDES PERMIT MONITORING 



Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SiIM 

Client Name: REMED>IATION TECHNOLOGIES, INC. 
Client ID: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

RTSLP INF I 
004110-0001-SA 
AQUEOUS 
30 MAR 89 

Enseco ID: 1031575 
Sampled: 29 MAR 89 
Prepared: 31 MAR 89 

2,3-Benzofuran 
2,3-Dihydro1indene 
Indene 
Naphthalene 
Benzo(b)thiophene 
Qu.iinotine 
IH-Indole 
2 -Methylinaphtha! ene 
1-Methylnaphtha!ene 
Biphenyl 
Acenapnthylene 
Acenaphthene 
Di'benzofuran 
Fluorene 
Diibenzothiophene 
Phenanthrene 
Anthracene 
Acridtne 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo 
Benzo 

fluoranthene 
fluoranthene 

7,12-Dimethylbenz-
ant 

Benzo 
Benzo. 
Perylene 

hracene 
ipyrene 
ipyrene 

3-Meth, 
Dibenz 
D.iibenz 
Benzo (< 
Indeno 

Icholanthrene 
a,h 

.n, 

anthracene 
anthracene 
)perylene 

l,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

ND 
140 
120 
1200 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
NO 
NO 
NO 
ND 
ND 
NO 
ND 
ND 

NO 
ND 
ND 
NO 
NO 
ND 
NO 
NO 
ND 

ND 
NO 
ND 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 
% 
% 

Received: 30 MAR 89 
Analyzed: 13 APR 89 

Reporting, 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

ND»Not Detected 
NA-Not Applicable 

Reported By: Michael Gall Ik Approved By: Jeff Lowry 



Poiliynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

diient Name: 
diient 10: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

•REMEDIATION TECHNOLOGIES, INC. 
'RTSLP AC3-EFF-I 
004II06-0002-SA Enseco ID: 1031577 
AQUEOUS Sampled: 29 MAR 89 
30 MAR 89 Prepared: 31 MAR 89 

Received: 30 'MAR 89 
Analyzed: 03 APR 89 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo{lb)thiiophene 
Quinoitine 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo{blf1uoranthene 
Benzo(k)fluoranthene 
7,12-D,imethylbenz-

anthracene 
Benzo(e>>pyrene 
Benzo(a pyrene 
Perylene 
3-Methyl choilanthrene 
Diibenzl a, h) anthracene 
Diibenz (a, c) anthracene 
Benzo (g, h,, i Iperylene 
Indeno(l,2,3-c,d);pyrene 

Naphthalene-d8 
Fluprene-dlO 
Chrysene-dr2 

iReportii 
Result Units Limit 

ND ng/L 10 
25 ng/L 10 
ND ng/L 10 
41 ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10. 
ND ng/L , 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
NO ng/L 10 
NO ng/L 10 
ND' ng/L 10 
ND ng/L 10 
ND ng/L 10 

ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 

100 % % 
114 % % 
82.5 % % 

ND-Not Detected 
NA"Not Applicable 

Reported By: Michael Blades Approved By: Jeff Lowry 



i^'EnseC' 
Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized: 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP BNK I 
004106-0001-SA 
AQUEOUS 
30 MAR 89 

Enseco ID.: 1031576 
Sampled: 29 MAR 89 
Prepared: 31 MAR 89 

Parameter Result 

2,3.-Benzofuran 
2,3-0i'hydroindene 
Lndene 
Naphthalene 
Benzo 
Quino 

b)thiophene 
ine 

IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzo.thiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a}anthracene 
Chrysene 
Benzo (b)fliuoranthene 
Benzo(k)fluoranthene 
7,12-Dimethylbenz-

anthracene 

ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
NO 
ND 

Benzo 
Benzo'i 

elpyrene 
.a)pyrene 

Perylene 
3-Methy'lchol anthrene 
Dibenz.(a,.h 
Dibenz(a,,c 
Benzo{g,ih, 

anthracene 
anthracene 
}perylene 

Indeno(lt'2,3-c,d}pyrene 

ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Naphthalene-d8 
Fl'uorene-dlO 
Chrysene-dl2 

30.6 
36.4 
28.4 

ND»Not Detected 
NA^Not Applicable 

Received: 30 MAR 89 
Analyzed: 03 APR 89 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Re 

10 
10 
10: 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

% 
% 
% 

Reported By: Michael Blades Approved By: Jeff Lowry 



Suoaary of Analytical Results 

Date received: »-l1AR-19e9 Custooer: ReTec Job naie: M89-03.136 

'Page 1 

Saaoles 

Kevsxone ID 136-001 136-002 136-003 136-004 136-005 136-OOJ 
Date Saooled W-HAR-I969 29-NAR-19B9 IS-MAR-19S9 :9-«AR-19fi9 S-NAR-19a9 29-NAfi' 
Custoaer ID INF-1 AC3 cFF-I BW-I UKl-INFTNK MCl-SFCEFF NKl-AC: 

Paraoeters Units 

Biocheaicil Oxygen Denand eg/L 5.43 <1.00 <1.00 N/A N/A N/A 
COO •g/L le.O <10.0 CIO.O N/A N/A N/A 
Ferrous Iron •g/L 0.411 <0.100 <0.100 0.166 <0.100 N/A 
Hardness sg/L 453 443 <1.00 N/A H/A N/A 
Aoaonia Nitrogen as N >g/L <1.00 a.oo <1.00 N/A N/A N/A 
Nitrite as N eg/L <0.020 <0.020 <0.020 N/A N/A N/A 
Nitrate as N eg/L <0.020 <0.020 0.033 N/A N/A N/A 
Oil ino Grease eg/'L <6.00 <6.00 <6.00 N/A N/A N/A 
oH units 7.9 7.8 7.6 7.4 7.2 N/A 
Phenol sg/L 0.074 <0.005 <0.005 <0.005 0.0380 N/A 
OrthophosDhate «g/L <0.010 0.030 0.014 N/A N/A N/A 
Total Dissolved Solios ag/L 673 560 <1.00 N/A N/A N/A 
Total Organic Carbon ag/l 7.15 <1.00 <1.00 6.86 7.35 N/A 
Total Suspended Solids a^l 10.0 16.0 1.00 14.0 8.00 N/A 
Silver ug/L <10.0 <10.0 N/A N/A N/A N/A 
'Arsenic ug/L <10.0 <10.0 H/A N/A N/A N/A 
Berylliua ug/L <5.00 <5.00 N/A N/A N/A N/A 
Cadaiui' ug/L <5.00 <5.00 N/A N/A N/A N/A 
ChroBiui ug/L <10.0 <10.0 N/A N/A N/A N/A 
Copper u^L <25.0 <25.0 N/A N/A N/A N/A 
Iron ug/L 1840 <100 <100 1730' <100 N/A 
Dissolved Iron ug/L <100 <100 <100 <100 <100 N/A 
Hanganese uq/L 374 33.9 <15.0 3480 21.5 N/A 
Nickel u^L <40.0 <40.0 N/A N/A N/A N/A 
Lead u^L <10.0 <10.0 N/A N/A N/A N/A 
Antuony ug/L <60.0 <60.0 N/A N/A N/A N/A 
Seleniua ug/L <5.00 <5.00 N/A N/A N/A N/A 
Thallim ug/L <10.0 <10.0 N/A N/A N/A N/A 
Zinc u^L 85.4 <20.0 N/A N/A N/A N/A 
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Pige 3 

SuMiry of Analytical Results 

/ 
Date received: 30-«fifl-l989 Custoier; ReTec Job naie: )e9-W.136 

Kevstone ID 
Date Saooled 
CusToser ID 

Sanoles 

136-001 136-'>j2 
29-«Afi-1969 29-l«fi-1989 
IMF-I ACG EFF-I 

Piruieters Units 

GCoOG 
i-BHC ug/L ',0.500 <0.050 
g-8hC uq/L <0.300 <0.050 
D-5hC u^L <0.050 <0.050 
Heotichlor ug/l ^0.050 <0.050 
d-BriC u^L <0.050 <0.050 
Alorin u^L <0.050 <0.050 
Heotichlor eooxide ug/L <0.050 <0.050 
Endosulfan I ug/L <0.050 '0.050 
4,4'-00£ ug/L <0.100 <0.100 
Dielsrin ug/L <0.100 <0.100 
Enonn ug/L <0.100 ^0.100 
4.4'-DDD ug/L <0.100 <0.100 
Endosulfan II ug/L <0.100 <0.100 
4,4'-ODT ug/L <0.100 <0.100 
Endrin ildehyde ug/L <0.100 <0.100 
Endosulfan sulfate ug/L <0.100 <0.100 
Netnoxychlor u^L <0.500 <0.500 
Chloroane ug/L <0.500 <0.500 
Toxaohene ug/L <1.00 <1.00 
PC3-1016 ug/L <0.500 <0.500 
PCD-121 ug/L <0.500 <0.500 
PCB-1232 ug/L <0.500 <0.500 
PC3-1242 ug/L <0.500 <0.500 
PCS-1248 ug/L <0.500 <0.500 
PCB-1254 u^L <1.00 <1.00 
PC3-1260 ug/L <1.00 <1.00 



Sunniry of Analvticil Results 

Date received: 30-NAR-19S9 Custoeer: ReTec Job nue: N89-03.136 

Page 4 

Keystone 10 
Date Saaoled 
Custoaer ID 

Sanples 

136-001 
K-NAR-1989 
INF-I 

136-002 
29-MrtR-1989 
AC3 £FF-! 

136-003 
:S-W«-1989 
BWf-I 

136-004 
29-IWR-1989 
WKl-INFTNK 

136-X)5 
29-IMR-1989 
WKl-SFCEFF 

136-006 
29-MAfi-19fi9 
NKI-ACIEFF 

Pariaeters Units 

LC610 
Caroazole ug/L 2.30 <2.00 N/A 2.38 2.49 <2.00 
Naontnalene ug/L 765 <2.00 N/A 866 743 <2.00 
Acenaohtnylene ug/L 64.0 <2.00 N/A 40.6 34.0 <2.00 
Acenaphthene ug/L 40.9 <2.00 N/A 35.9 31.0 <2.00 
Fluorene ug/L 13.3 <0.200 N/A 12.5 9.B3 <0.200 
Phenanthrene ug/L 7.21 <0.500 N/A 8.17 5.66 <0.500 
Anthracene ug/L <0.500 <0.500 N/A 2.65 <'0.500 <0.500 
Fluoranthene ug/L <0.200 <0.200 N/A <0.200 <0.200 <0.200 
Pyrene. ug/L <0.200 <0.200 N/A <0.200 <0.200 •0.200 
Ben:o(alanthracene ug/L ^0.020 <0.020 N/A <0.020 <0.020 <0.020 
Chrysene ug/L NO.150 •0.150 N/A <0.150 <0.150 <0.150 
Ben:o(b)fIuoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzolklfluoranthene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Benzo(a)pyrene ug/L <0.020 <0.020 N/A <0.020 <0.020 <0.020 
Diben:o(a,hlanthracene ug/L <0.030 <0.030 N/A <0.030 <0.030 <0.030 
Benzo(g,h,ijperyiene u^L <O.OSO <0.050 N/A <0.050 <0.050 <0.050 
Indeno(l,2,3-c,d)pyrene ug/L <0.050 <0.050 N/A <0.050 <0.050 <0.050 



Page 5 

Suoaary of Analytical Results. 

.Date received: 30-lttR-1989 Custoeer: ReTec Job naie: M89-03.IJ6 

Keystone ID 
Date Saaoled 
CusToeer ID 

Sanoles 

136-007 136-006 
29-HAR-1989 29-lttR-l989 
NK1-AC2EFF HK1-AC3EFF 

Paraaeters Units 

LC610 
Carbazole ug/L <2.00 <2.00 
Napninalene ug/L <2.00 <2.00 
Acenapntnylene ug/L <2.00 <2.00 
Acenaohthene ug/L <2.00 <2.00 
Fluorene u^L ^0.200 <0.3)0 
Phenanthrene ug/L <0.500 <0.500 
Antnracene u^L <0.500 '0.500 
Fluoranthene ug/L \0.200 <0.200 
Pyrene u^L <0.200 <0.200 
Benzolalanthracene ug/L <0.020 <0.020 
Chrysene ug/L <0.150 <0.150 
Ben:o(b)fluoranthene ug/1 <0.020 <0.020 
Benzol k)fluoranthene u^L <0.020 <0.020 
Benzol aJpyrene ug/L <0.020 <0.020 
Dioenzola,h)anthracene ug/L <0.030 <0.030 
Benzolg,h,i)perylene ug/L <0.050 <0.050 
Indenoi l,2,3-c,d)pyrene u^L <0.050 <0.050 



/ 

Pige i 

Siaoiry of Analyticil Results 

/ Date received: 30-MAR-19B9 Custner: ReTec Job nau: H89-03.136 

Keystone ID 
Date Saooled 
Custooer ID 

Saaoies 

136-001 136-002 
29-MAR-19B9 29-W«-19fl9 
INF-I AC3 EFF-I 

Paraneters Units 

nS624 
Chloronethane 
Broaoaethane 
Vinyl chloride 
Chloroethane 
Metnylene chloride 
T richiorofluoroaethane 
l,l-Oicnloroethene 
1.1-Dicnloroethane 
trans-l,;-Oithloroethene 
Chlorofora 
1.2-QLcnlaroethane 
1.1.1-Trichloroethane 
Carson tetrachloride 
Broaooicnloronethane 
1,2-Dicnloropropane 
cis-l',3-Dichloroprooene 
Tricnloroethene 
Benzene 
Dibroaochloroethane 
1.1.2-TricnloraThane 
trans-1,3-Dichloropropene 
2-Chloroethylvinyl ether 
Broaofora 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Etnyl benzene 

ug/L UO.O <10.0 
ug/L <10.0 <10.0 
ug/L 31.0 <10.0 
ug/L <10.0 <10.0 
ug/L 17.0 15.0 
ug/L <10.0 <10.0 
ug/L ^5.00 <5.00 
ug/L <5.00 <5.00 
uq/L 40.0 -.5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
u^L <5.00 <5.00 
ug/.L 110 <5.00 
ug/L 97.0 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
ug/L <10.0 <10.0 
ug/L <5.00 <5.00 
ug/L <5.00 <5.00 
u^L 57.0 <5.00 
ug/L 11.0 <5.00 
ug/L <5.00 <5.00 
ug/L 79.0 <5.00 



/ 

Pige 7 

Suaaary of Analytical Results 

Date receivea: 30-HAR-1989 Custoaer: ReTec Job naae: Nff}-03.126 

Kevstone ID 
Date Saaoled 
Custoaer ID 

Saaoles 

136-002 
:9-NAfi-19fl9 
AC3 EPF-I 

Piriaetars Units 

1,3-Oicnlorobenzene ug/L <20.0 
l.A-Dichlorobenzene ug/L <20.0 
Hexicnloroethane ug/L <20.0 
Bis(Z-chloroethyl) ether ug/L <20.0 
1,2-Dichlarobenzene ug/L <20.0 
BisfZ-cnloroisaprooyl) ether ug/L <20.0 
N-Nitrosodi-n-propylaaine u^L <20.0 
Nitrooenzene ug/L ^0.0 
Hexicnlorooutadiene ug/L <20.0 
1,2.4-Tricnlorobenzene ug/L <20.0 
Isoonorone ug/'L <20.0 
NaohThalene ug/L <20.0 
BisiZ-chloroethoxy) aethane ug/L ^.0 
Hexacnlorocvclopentadiene ug/L <20.0 
2-Chloranaohthalene ug/L <20.0 
Acenaonthylene ug/L <20.0 
Acenaontnene u^L \2O.0 
Diaetnvl phthalate ug/L <20.0 
2,6-DinitroToluene ug/L t20.0 
Fluorene ug/L <20.0 
4-Chlorophenyl pnenyl ether ug/L <20.0 
2.4-Dinitrotoluene ug/L <20.0 
Oietnylohthalate ug/L <20.0 
N-Nitrosodiphenylaaine ug/L <20.0 
Hexacnlorobenzene ug/L <20.0 
4-BroaoDhenyl phenyl ether ug/L <20.0 
Phenanthrene ug/L <20.0 
Anthracene ug/L CO.O 
Fluoranthene ug/L <20.0 
Pyrene. ug/L <20.0 



Pige 9 

SiBMry of Aniiytical Results 

Date received: 30-lttR-l989 Custoeer: ReTec Job naae: H89-03.I36 

Keystone ID 
Date Saaoled 
Custoeer ID 

Saeoles 

136-002 
;??-«AR-19G9 
flC3 EFF-I 

Piraaeters 

nS625 (continuedl 
Benzidine 
Butyl benzyl phthalate 
Bis(2-ethylexyl) pnthalate 
Chrysene 
Benzoin anthracene 
3.3'-Dicnloroben:idine 
Di-n-ocr/1 pnthalate 
Benzotbjfluoranthene 
Ben:o(k)fluoranthene 
Benzolalpvrene 
Indenoil,2,3-c,d)pyrene 
Dipenzoi a,hianThricene 
Benzoighilperylene 
N-Nitrosodinethylaaine 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-DiBeThylphenol 
4,6-DiniTro-2-Bethylpnenol 
2,4-Dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
4-Chloro-3-eethylphenol 
Pentacnlorophenol 
Phenol 
2,4,a-Trichlorophenol 
Di-n-outvl phthalate 
1,2-Dipnenylhydrazine 

Units 

ug/L <S» 
ug/L ^.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <40.0 
ug/i ^20.0 
ug/L <20.0 
ug/L <20.0 
ug/L «20.0 
ug/L ^20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
u^L <20.0 
ug/L <20.0 
ug/L <100 
ug/L <100 
ug/L <20.0 
ug/L <100 
ug/L <20.0 
ug/L <100 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 
ug/L <20.0 



«« 

'1 

-"fl^Ense. 

I. 

in 

:] 

d 

1 
:] 

1 
1 
1 

PolynucTear Aromatic Hydrocarbons, SIM 

Method 8270/S'IM 

Client Name: REMEDIATION TECHNOLOGIES, INC. 
Client ID: RTSLP-INF-E 
Lab ID: 005399-0001-SA Enseco ID: 1042154 
Matrix: AQUEOUS Sampled: 19 JUN 89 
Authorized: 20 JUN 89 Prepared: 25 JUN 89 

Parameter 

2,3'-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo(b}thiophene 
Quinoline 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenapnthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothi'Ophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzolb fluoranthene 
Benzo, k)fluoranthene 
7,12-Oimethylbenz-

anthracene 
pyrene 
pyrene 

Benzo 
Benzo 
Perylene 
3-Methylcholanthrene 
Dilbenz (a, h 1 anthracene 
Diibenz (a, c) anthracene 
Benzo(g,h,i)perylene 
lndeno(l,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-di2 

N.O. - Not Detected 
N.A. - Not Applicable 

Reported By: Harshaill Ttbury 

Result 

17 
130 
150 
510 
86 
ND 
ND 
40 
62 
10 
ND 
51 
15 
16 
ND 
ND 
ND 
ND 
34 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

77.5 
83.5 
66.0 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 
% 
% 

Received: 20 JUN 89 
Analyzed: 14 JUL 89 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

Approved By: Jeff Lowry 



^Enseco 
Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID: 
Lab ID: 
Matriix: 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP-EFF-E 
005396-0001-SA Enseco ID: 1042152 
AQUEOUS Sampled: 19 JUN 89 
20 JUN' 89 Prepared: 21 JUN. 89 

2,3-Benzofuran 
2,3-Di%droindene 
Indene 
Naphthalene 
Benzo{b}thiophene 
Quinoline 
IH-Indoilie 
2-Methylinaphthalene 
1-MethyTnaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Oiibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazo'Te 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo blBuoranthene 
Benzo k) f1;uoranthene 
7,12-Dimethylbenz-

anthracene 
Benzo(e)pyrene 
Benzo (a),pyrene 
Perylene 
3-MethylchoTanthrene 
Dibenz 
Oibenz 
Benzo (q,h., 
Indeno 

a,h> 
a,c 

anthracene 
anthracene 
Iperyiene 

l,2,3-c,d)pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

NO 
ND 
NO 
NO 
ND 
ND 
ND 
ND 
NO 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
NO 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
NO 
ND' 
ND 
ND 
ND 
ND 

39.4 
48.7 
39.2 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: 20 JUN 89 
Analyzed: 17 JUL 89 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

N.D. "Not Detected 
N.A. o Not Applicable 

Reported By: Phillip Tallarlco Approved By: Jeff Lowry 



-'S^Enseco 
Poilynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client 10: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP-BNK-E 
005396-0002-SA Enseco ID: 1042153 
AQUEOUS Sampled: 19 JUN 89 
20 JUN 89 Prepared: 21 JUN 89 

2,3-Benzofuran 
2,3-0.iihydro1ndene 
Indene 
Naphthalene 
Benzol b>)thiophene 
Quinoll'ne 
IH-Indole 
2-Methylnaphthalene 
1 -Methy Inaphthal.ene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Oibenzofuran 
F1uorene 
Oibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo{a}anthracene 
Chrysene 
Benzo 
Benzo 

fluoranthene 
fl uoranthene 

7,12-dimethylbenz-
anthracene 

Benzo e pyrene 
Benzo(a pyrene 
Perylene 
3-Methylcholanthrene 
Oibenz 
01benz 
Benzo( 

a.h anthracene 
anthracene 
)perylene jpCI J 19IIQ 

Indeno(l,2,3-c,d}pyrene 

Naphthalene-d8 
Fluorene-dlO 
Chrysene-dl2 

Result 

NO 
NO 
NO 
32 
NO 
NO 
NO 
13 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO' 
ND 
NO 
ND 
NO 
NO 
ND 
NO 
ND 
NO 

ND 
ND 
ND 
NO 
ND 
NO 
ND 
NO 
ND 

45.1 
65.3 
45.6 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Received: 20 JUN 89 
Analyzed: 12 JUL 89 

Reporting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

N.O. - Not Detected 
N.A. • Not Applicable 

Reported By: Bob Martin Approved By: Jeff Lowry 



H-m-l989 Pice ; 

Sunnary of Analytical Results 

Dite received; ;0-JlJN-19fl9 Customer: ReTec Job name: N89-06.100 

Samples 

Keyetane ID 100-001 100-002 10</-003 
Date Sinpled 19-HJH-1989 19-IUN-1989 19-JIJN-1989 
CuE'ODer ID RTSLP IHF-E RTSLP EFF-E RTSLP BNK-E 

Pirmeters Units 

Biocnenicil Oxygen Denena ng/L 7.20 <1.00 <1.00 
COD og/L 20.0 3.0 <10.0 
Ferrous Iron og/L 0.118 <0.100 <0.100 
Haroness ng/l 501 454 <1.00 
Annonia Nitrogen as N ng/L 1.05 <1.00 <1.00 
Nitrite as N ng/L <0.020 <0.020 <0.020 
Nitrite as N ng/L <0.020 <0.020 <0.020 
Oil ind Sreise ng/L <5.00 <6.00 <6.00 
Ortnopnosphate as Phorpnorous ng/L <0.010 <0.010 <0.010 
prt units 7.6 7.0 5.8 
Phenol ng/L 0.124 0.012 <0.005 
Total Dissolved Solids ng/L 715 730 4.00 
''otal Organic Carbon ng/L 2.46 5.26 <1.00 
•otal Susoendeo Solids ng/L 1.00 <1.00 <1.00 
Silver ug/L <10.0 <10.0 NR 
Arsenic ug/L <10.0 <10.0 NR 
Berylliun ug/L <5.00 <5.00 NR 
CadDiUD ug/L <5.00 <5.00 NR 
Chroaiuo ug/L <10.0 <10.0 Iffi 
Coooer ug/L <25.0 <25.0 
Iron ug/L 1980 <100 <100 
Dissolved Iron ug/L 100 <100 <100 
Manganese ug/L 374 691 <15.0 
Nicxel ug/L <40.0 <40.0 NR 
Lead ug/L <5.00 <5.00 
Antifflony ug/L <o0.0 <60.0 NR 
SeleniuD ug/L <5.00 <5.00 NR 
Thalliua ug/L <10.0 <10.0 
Zinc ug/L 83.0 31.1 NR 



14-;'JL-1959 Cjgj I 

Sunmary OT hnilvtical Results 

Data received: 20-JljN-19S9 Custoaer: ReTec Job nane: K89-(J6.100 

kevstiine ID 
Data SuDled 
Customer ID 

Saaoles 

lOO-iJOl 
I'-JUN-19S9 
RTSL? INF-E 

lU'l-W: 
I9-JUN-19B9 
R7SLP EFF-E 

oirametars 

GCiCE 

Units 

l-HCC ug/L xO.050 10.050 
c-sriC ug/L LO.050 10.050 
b-ihC ug/L LO.050 <0.050 
Hsptacnlor ug.'L N0.050 ;0.050 
a-5hC ug/L .0.050 -0.050 
f-itrjn ug/L ^0.030 .'0.050 
Haoncnlor eooxide ug/L W.05O 10.050 
Enacsulfan I ug/L >Ui050 ,0.050 
4,4'-DDE u^L \0.100 .0.100 
Diaiann ug/L .0.100 •0.100 
Endnn ug/L U.OO \0.100 
4,4'-ODD ug/L U.OO ^0.100 
Endosulfan II ug/L U.OO sO.lOO 
4.4'-DDT ug/L \1.D0 lO.lCO 
Enorin aldenyae u^L ^0.100 NO.IOO 
Enaosuifan sulfate ug/L ^0.100 <0.100 
Metnoxychlor ug/L ^0.500 <0.500 
Chloraane ug/L <0.500 <0.500 
Toxaphene ug/L <1.00 <1.00 
PCB-1016 ug/L <0.500 <0.500 
PCB-1221 ug/L 10.500 <0.500 
PCB-1232 ug/L <0.500 <0.500 
PCS-1242 ug/L <0.500 <0.500 
PCB-I24a ug/L 10.500 <0.500 
PCB-i:54' u^L <1.00 <1.00 
PCB-iaO ug/L <1.00 <1.00 



u-jijL-ije? PiGe : 

Suoaary of Anaiyticii Results 

Date -eceived: 20-jlM-19S9 Custoser: ReTec 3ob name: 1489-06.100 

Kevs-one ID 
Dare Saspled 
Cue'oaer ID 

SiiiBles 

lOv-Ovl 
19-JUN-19B9 
RTiL? INF-E 

l=-JUN-i5B9 
RT3LP £FF-t 

Pirifiaters Units 

LC6iG 
Cirsazoie ug/L U.l 42.00 
Naor.thalene ug/L Ti? 42.00 
Acenapntnylene ug/L lOt) '2.00 
Acenaonthene u^L 60.2 <2.00 
Fluorene ug/L 14.4 N0.200 
Phenanmrene ug/L 7.03 40.500 
AnTnpicsne ug/L 0.691 40.500 
Fluorinxnene ug/L '0.200 <0.200 
Pvpana ug/L ^0.200 <0.200 
6en:claianthricene u^L (U.020 <0.020 
Chrvsene ug/L ^0.150 40.150 
Ben:o(b>fiuoranthene ug/L 40.020 40.020 
Ben:aik)fluorinthene u^L xO.020 40.020 
&enzo(a)pyrene ug/L 4.0.020 <0.020 
Dibenzoia,h)anthracene ug/L \0.030 <0.030 
Eer.zo{g,i),i)perylene ug/L <0.050 <0.050 
Inaenoil,2,3-c,d)pyrene ug/'L <0.050 <0.050 



•l4-JUL-ia89 PiCi 4 

SuDinary of Anilyticil Results 

Date raceivaa: 20-JUN-19e9 Custmer: ReTac Joo uiie; M69-06.100 

ifgystoTie ID 
Dare aaaciea 
Cusisiier ID 

Saiiioles 

100-001 
19-JIJN-19B9 
RTaL? INF-E 

1C0-W2 
19-JL'N-I9a9 
RTSLS EFF-E 

PiriBeTa« Units 

Ciildrooernane ug/L UO.O <10.0 
Broaoaetnane ug/L UO.O <10.0 
Vinyl cnioriae ug/L 13.0 <10.0 
Chloroeihane ug/L <10.0 <10.0 
Heihylene chloride ug/L <5.00 -.5.00 
Tnchlorof luoroaetnane ug/L <10.0 <10.0 
1,1-Dichloroethene u^L <5.00 <5.00 
1,1-Dicnloroethane ug/L <5.00 <5.00 
trans-1.2-Dicnioroethene u^L IS.O <5.00 
Chlorotorn u^L <5.00 <5.00 
1,2-Dicnloroethane ug/L <5.00 <5.00 
1,1,1-Trichloroethane ug/L <5.00 <5.00 
Carbon tetracnloride ug/L <5.00 <.5.00 
Broaooicnloroaethane ug/L <5.00 <5.00 
1,2-Dicnlaropropane u^L <5.00 <5.00 
cis-l,3-Dicnloroprapene ug/L <5.00 <5.00 
Tricnloroethene ug/L 83.0 <5.00 
Benaana ug/L 100 <5.00 
Dibroaochloroaethane ug/L <5.00 <5.00 
1.1,2-Triciilaroethane u^L <5.00 <5.00 
trins-l',3-DicnloroproDene ug/L <5.00 <5.00 
2-Chloroethylvinyl ether ug/L <10.0 <10.0 
Broaofora ug/L <5.00 <5.00 
1,1,2,2-Tetracnloroethane u^L <5.00 <5.00 
Tetrachloroethene ug/L 25.0 <5.00 
Toluene ug/L 12.0 <5.00 
Chlorooenaene ug/L <5.00 <5.00 
Etnyl benzene ug/L 92.0 <5.00 



1'4-JL1-19=-

Suiunary of Analytical Results 

Data received: 20-3UN-19B9 Custoner; ReTec Jon nane: HB9-<)6.100 

Keystone !D 
Date 5iiipie!l 
Custoaer ID 

Saooles 

100-001 
l9-jTjN-19B9 
RTSLP INF-E 

100-002 
19-3UN-19B9 
RTBLP EFF-E 

Pirimetars Units 

nS6If (continued; 
Inaanoi 1,2,3-c,{l)pyrane 
Dioenzo(a,h;antnracene 
Ben:o(gni)Derylene 
N-NitrosuCiBethylaoine 
2-Chloropnenol 
2,4-Oichloropnenol 
2,4-Ouethylctienol 
Aie-Dinitro-Z-metJiylphenol 
Zii-Dinitrophenol 
2-Nitrophenol 
4-Nitroohenol 
4-Chloro-2-nethylahenol 
Pentichloropnenol 
Phenol 
2,4,6-Trichlorophenol 
Di-n-butyl pnthalate 
1,2-DipnenyIhydrazine 

ug/L ^31.0 <20.0 
ug/L vIO.O <20.0 
ug/L <>20.u <20.0 
u^L UO.O <20.0 
ug/L <3).0 <20.0 
ug/L CO.O <20.0 
ug/L 30.0 <20.0 
ug/L <100 <100 
ug/L <100 <100 
ug/L <20.0 <20.0 
ug/'L UOO <100 
ug/L <20.0 <20.0 
ug/L <100 <100 
ug/L <20.0 <20.0 
ug/L <20.0 <20.0 
ug/L <20.0 <20.0 
ug/L <20.0 <20.0 



Sunitary of Anily^iciL Results 

Di-e received 20-JU'4-1989 Customer: ReTec Job name: NS9-06.100 

KevEione ID 
Date Siopled 
Custome'- ID 

Samples 

100-001 
19-JUN-19B9 
RTSLP INF-E 

luo-oon 
19-JUN-1989 
RTSLP EFF-E 

Parameters Units 

VBiZz 
l,]-jicr.iflrooen:ene ug/L <.20.0 120.0 
l.-i-uicnlorcDen:ene ug/L <20.0 <20.0 
Kexacnioroetnane ug/L 120.0 <20.0 
Bi5(2-cnioroethyl) etner ug/L <20.0 <20.0 
1,2-Dicnlorobenzene ug/L 120.0 120.0 
fiisiZ-cnloroisooropvl) etner ug/L 120.0 <20.0 
N-Ni:rosoai-n-proDylinine ug/L 120.0 <20.0 
Nitrooenzene ug/L 120.0 <20.0 
HExacnloroouTadiene ug/L i20.0 120.0 
1.2,4-TricniaroDenzene ug/L 120.0 i20.0 
Isocnorone ug/L i20.0 <20.0 
Naonthaiene ug/L 1900 <2-0.0 
Bisi2-cnloroethoxy) methane ug/L <20.0 120.0 
Hexachlorocyclopentadiene ug/L <20.0 <20.0 
2-Chioronaonthalene ug/L <20.0 120.0 
Acenaontnyiene ug/L <20.0 <20.0 
Acenapntnene ug/1 120.0 120.0 
Oimetnyl pnthalate ug/L 120.0 <20.0 
2,&-Dinitrotoluene ug/L 120.0 <20.0 
Fluorene ug/L 21.0 <20.0 
4-Chiarophenyl phenyl ether ug/L <20.0 <20.0 
2,4-Dinitrotoluene ug/L <20.0 <20.0 
Diethylpnthalate ug/L <20.0 <20.0 
N-riitrosodiphenylamine ug/L <20.0 <20.0 
Hexacnlorooenzene ug/L <20.0 <20.0 
4-BroBODhenvl pnenyl ether ug/L <20.0 <20.0 
Phenanthrane ug/L <20.0 <20.0 
Antnracene ug/t <20.0 <20.0 
Fluoranthene u^L 120.0 <20.0 
Pyrene ug/L <20.0 <20.0 
Benzioine ug/L <200 <200 
Butyl benzyl phthalate ug/L <20.0 <20.0 
Bisi'2-ethylhexyl) phthalate ug/L <20.0 120 
Chrysene ug/L <20.0 <20.0 
Benzolalanthracene ug/L <20.0 <20.0 
3,3'-0ichlorobenzidine ug/L <40.0 <40.0 
Oi-n-octyl phtnalate u^L 120.0 <20.0 
Benzolbitluoranthene ug/L 120.0 <20.0 
Benzolklfluoranthene ug/L <20.0 <20.0 
Benzolaipyrene ug/L 120.0 <20.0 



1 

i Polynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized': 

Parameter 

REMEDIATION TECHNOLOGIES, INC. 
RTSLP-INF-M 
004820-0001-SA Enseco ID: 1037364 
AQUEOUS Sampled: 08 MAY 89 
09 MAY 89 Prepared: 12 MAY 89 

2,3-Benzofuran 
2,3-Oihydroindene 
Indene 
Naphthalene 
Benzo|b)thiophene 
Quinoiline 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo bVfluoranthene 
Benzo' k)fluoranthene 
7,12-Dimethylibenz-

anthracene 
Benzo e pyrene 
Benzo a)pyrene . 
Peryliene 
3-Methylcholanthrene 
Oi benzla,h)anthracene 
Di benz(a,c)anthracene 
Benzo(g,h,i)perylene 
IndenoUi2,3-c,d)pyrene 

Naphthalene-d8 
FTuorene-dlO 
Chrysene-dl2 

Result 

18 
140 
150 
450 
73 
NO 
ND 
45 
73 
10 
NO 
52 
14 
17 
NO 
ND 
ND 
ND 
26 
NO 
NO 
ND 
ND 
NO 
ND 

NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

56.0 
90.0 
86.0 

Received: 09 MAY 89 
Analyzed: 01 JUN 89 

Units 

ug/L 
ug/L 
ugA 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L, 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

% 
% 
% 

Re porting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

N.O. - Not Detected 
N.A. » Not Applicable 

Reported By: Angle Poturalski Approved By: Jeff Lowry 



J 

1 
J 

1 
1 
1 

-^Ensec 
Poilynuclear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized': 

INC. REMEDIATION. TECHNOLOGIES, 
RTSLP-EFF-M 
00481'9-0001-SA Enseco ID: 1037366 
AQUEOUS Sampled: 08 MAY 89 
09 MAY 89 Prepared: 12 MAY 89 

Parameter 

2,3-Benzofuran 
2,3-Oiihydroindene 
Indene 
Naphthalene 
Benzo('b)thiophene 
Qui nol ine 
IH-Indole 
2-Methylnaphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 

f1uoranthene 
f1uoranthene 

7,12-Oimethylbenz-
anthracene 

Benzo 
Benzo 

Benzo 
Benzo 
Perylene 
3-Methylcholanthrene 

pyrene 
pyrene 

Dibenz>(a,h 
Oibenz(a,c 
Benzo {01, h, 

anthracene 
anthracene 
}perylene 

I ndeno(1f 213-c,djpyrene 

Naphtha1ene-d8 
Fluorene-dIO 
Chrysene-dl2 

N.D. 
N.A. 

Not Detected 
Not Applicable 

Result 

ND 
NO 
ND 
ND 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

53.5 
62.2 
51.2 

Received: 09 MAY 89 
Analyzed: 02 JUN 89 

Units 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
n|/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 
ng/L 

% 
% 
% 

Re porting 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 

Reported By: Deneen Miller Approved By: Jeff Lowry 



:J Polynucl.ear Aromatic Hydrocarbons, SIM 

Method 8270/SIM 

Client Name: 
Client ID: 
Lab ID: 
Matrix: 
Authorized: 

Parameter 

REMEDiIATIOM TECHNOLOGIES, INC. 
RTSLP-BNK-M 
OC4819-0002-SA Enseco ID: 1037367 
AQUEOUS Sampled: 08 MAY 89 
09 MAY 89 Prepared: 12 MAY 89 

2,3-Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
'Benzoi(bi)thiophene 
Quinolime 
IH-Indole 
2-Methyl naphthalene 
1-Methyl naphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Diibenzofuran 
Fluorene 
Dibenzothiophene 
Phenanthrene 
Anthracene 
Acridine 
Carbazoile 
Fluoranthene 
Pyrene 
Benzo(a).anthracene 
Chrysene 
Benzolb fluoranthene 
Benzo(k fluoranthene 
7,12-Dimethylbenz-

anthracene 
Benzole)pyrene 
Benzo(a]pyrene 
Perylene 
3-Methylcholanthrene 
Diibenz(a,h.. anthracene 

anthracene 
Iperylene 

Indeno^I,2,3-c,djpyrene 

Dibenz(a,c 
Benzo(a,h, 

Naphtha1iene-d8 
Fluorene-dlO 
Chrysene-dl2 

Received: 09 MAY 89 
Analyzed: 02 JUN 89 

Reporting 
Result Units Limit 

ND ng/L 10 
ND ng/L 10 
NO ng/L 10 
20 ng/L 10 
NO ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
NO ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 

ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 
ND ng/L 10 

74.3 % • • 
74.4 % --
73.9 - % --

1 
1 
1 

N.O. « Not Detected 
N.A. « Not Applicable 

Reported By: Oeneen Miller Approved By: Jeff Lowry 
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APPENDIX B 

ATTACHMENT 6 

BACKWASH SOLIDS ANALYSIS 



1 
I 

-^Enseco 
Polynuclear Aromatic Hydrocarbons, 3C/MS 

Method 8270 

CI rent Name: REMEDIATION liECHNOLOGIES, INC. 
Client ID: RTSLP-BWl-SOL 
Lab ID: 005464-000I-SA Enseco ID: 1042764 
Matrix: SOIL Sampled: 21 JUN. 89 
Authorized; 23 JUN 89 Prepared: 05 JUL 89 

Parameter 

Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fliuoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)f1uoranthene 
Benzo k fluoranthene 
Benzo(a}'pyrene 
Di>benz(a, h.) anthracene 
Benzo(g,h„i)iperylene 
Indeno (1,2,3 -c, dt) pyrene 
2,3-Benzofuran 
2,3-Dihydro1ndene 
Indene 
Benzo (b')thiophene 
Quiinolrne 
IH-Indole 
2-Methylnaphthalene 
1-Methylnaphthalene 
Biphenyl 
Dibenzofuran 
Dibenzothiophene 
Acridine 
Carbazole 
7,12-Dimethylbenz-

anthracene 
Benzo(e}pyrene 
Perylene 
3-MethyTcholanthrene 
Dlibenz (a, c) anthracene 

Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-dl4 

Result 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

69.4 
66.8 
72.6 

Units 

ug/kg 
ugAg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg' 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

% 
% 
% 

Received: 23 JUN 89 
Analyzed: 14 JUL 89 

Reporting 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

N.O. - Not Detected 
N.A. - Not Applicable 

Reported By: Marshall Tibury Approved By; Jeff Lowry 



APPENDIX C 

ReTeC'S STANDARD OPERATING 
PROCEDURES 

• SOP 507: SAMPLE HANDLING FOR SHIPMENT OF ANALYTICAL 
AND TREATABILITY SAMPLES 



SOP NO. 507 
REVISION NO. 3 

LAST REVISION DATE; 11/20/89 

REMEDIATION ISSEM/'S 
TECHNOLOGIES ;INC 

STANDARD OPERATING PROCEDURES 

Sample Handling for Shipment of Analytical 
and Treatability Samples 

1.0 PURPOSE AND APPLICABILITY 

This Standard Operating Procedure (SOP) describes sample labeling, packaging and chain-of-custody 
procedures for shipping samples from a site location at the time of collection through receipt of the 
samples at a designated laboratory. Laboratory receipt of soil, sludge or water samples refers to receipt 
at either an analytical' laboratory or a treatability laboratory for subsequent testing. This SOP aiso 
identifies the procedures for transport of unused treatabiiity samples back to the particular site iocation 
from which they were taken. Samples sent to an analytical laboratory are generally handled by the 
respective laboratory and thus there is not need for return of unused analytical samples back to the 
site. The SOP also relates to samples sent to an analytical laboratory associated with pilot-scale or 
bench-scale treatability testing. 

The objective of this SOP is to document proper procedures for sample shipping and handling as: 
(1) to ensure sample Integrity, (2) to ensure sample quality conforming to proper holding times and 
using proper sample preservatives, and (3) to Identify chain-of-custody protocol to document the sample 
history from collection through transport to the lab. 

This SOP does not pertain to shipment of listed hazardous waste samples but rather to soil, sludge or 
water samples contaminated with respective chemicals for treatability testing, and to respective analytical 
samples for characterization testing. 

Section 2 cites the different personnel responsibilities, and Section 3 lists the supporting materials 
related to this SOP. Section 4 details the methods and procedures and Section 5 cites quality 
assurance/quality control. Section 6 relates to Health and Safety, and Section 7 relates to 
documentation. 

2.0 RESPONSIBILITIES 

It is the responsibility of the field team leader to ensure that samples are properly labeled and 
packaged for transport. The field team leader Is also responsible for the field sample notebook and 
chaln-of-custody protocol for sample documentation during handling and transport. It's the 
responsibility of the lab coordinator to finalize the chain-of-custody procedures outlined in this SOP. 



SOP NO. 507 
REVISION NO. 3 

LAST REVISION DATE: 11/20/89 

REMEDIATION 
TECHNQiLGGIES l!NC ae 

The field team leader is also responsible to see that ail related Health and Safety field procedures are 
properly followed. He Is also responsible to check with the project engineer or manager to ensure that 
the samples shipped are not listed as hazardous wastes. If they are, then ReleC's SOP No. 520 
related to sample shipping and handling of hazardous wastes should be followed. 

3.0 SUPPORTING MATERIALS 

The following general equipment Is needed: 

1. Common coolers for shipment of analytical samples. 
2. Styrofoam or other packing material. 
3. Analytical sample bottles with presenratlves. 
4. Packing tape. 
5. DOT approved 5-gallon plastic containers with air tight lids. 

4.0 METHODS AND PROCEDURES 

Specific methods and procedures related to labeling, packaging, chaln-of-custody and laboratory log-
In are given In the respective sub-sections. 

4.1 Labeling 

Samples are Identified using standard RETEC sample labels as In Attachment 1. Each label contains 
Information on: 

1. Sample Identification. 
2. Sampling location. 
3. Date of collection. 
4. Time of day. 
5. Identity of sampler. 
6. Tests requested (for analytical). 
7. Preservatives. 

Labels are attached Immediately after samples are collected. 

Specific to treatability samples. Informational labels may be needed to describe the contents of a 
shipping carton, list any procedures to follow In the event of leakage or an accidental spill, and list 
person or persons to contact In the event of any leakage or a spill. 



o 

o 

SOP NO. 507 
REVISION NO. 3 

LAST REVISION DATE: 11/20/89 
REMEDIATION ALC - RGH 
TECHNQiLOGIlES INC PAGE:3/6^ 

4.2 Packaging 

Small samples for chemical or physical analysis purposes are packaged in containers suitable for 
transport (coolers, boxes or transport cartons). Styrofoam or other packing material is used as an 
insulator/filler to prevent excess movement and breakage of sample bottles. Ice or cold packs are 
added to keep the shipment cool during transport. All shipping containers are wrapped with a packing 
tape and secured with> a standard RETEC custody seal (see Anachment 1). 

Custody seals are used as a quality assurance procedure to prevent tampering during transport. The 
seals contain Information on: 

1. The date samples were packaged. 
2. The signature of sampler/packer. 
3. Seal identification number. 

Large samples for treatability testing are packaged in Department of Transportation (D.O.T.) approved 
55-gallon drums or 5-gailon buckets. All containers have iockable, airtight seals which prevent 
accidental spillage during handling and transport. A sample label and custody seal are placed on 
each container prior to transport. 

Samples for analytical water testing are usually collected in designated pre-preserved glass bottles with 
the specific preservative added dependent upon the particular anal\riical test requested. Soil and 
sludge samples generally do not receive such preservative treatment. 

A field log notebook is to be kept by the site coordinator and should contain the following information: 

1. Sample number. 
2. Sampling Location. 
3: Sample type. 
4. Date and time of sampling. 
5. Name of sampler. 
6. Visual description of sample. 

4.3 Shipping 

To comply with designated holding times for analytical testing, samples should be transported from the 
site to the respective laboratory within a 24-hour period. This can be accomplished by carrying the 
samples yourself or using, an overnight delivery service. Designated holding times vary depending 
upon the specific analyses to be run and can be obtained from the laboratory performing the analytical 
testing. Attachment 2 is to accompany all respective samples sent to an analytical laboratory. 

For treatability samples, there is no designated holding time. iHowever, samples should be no longer 
than 4 to 5 days In transit. Soil and sludge samples are not as critical as water samples. 
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o 

4.4 Chaln-of-Custodv 

All sample containers will be accompanied by RETEC's standard chain-of-custody form as shown in 
Attachment 3. Procedures used for proper chain-of-custody manifesting of samples include; 

1. The sampler will complete the chain-of-custody form 
which inciudes: 

a Sampiing location. 
b. Name of sampler. 
c. Sample date and time. 
d. Sample identification number. 
e. Sample descriptions. 
f. Number of containers. 
g. Analysis (if applicable). 

2. Upon relinquishing samples to the transporter, the sender will request the 
courier's signature and the date and time of processing for transport. 

3. A copy of each chain-of-custody form will be retained with the field sample book 
while the original will be sent with the samples. 

4. Upon receipt of the samples at the laboratory, the chain-of-custody form will be 
signed by a person-in-charge along with the date and time sample was 
received. 

5. The original will be retained at the lab with a copy sent to the project manager 
and/or project engineer. 

6. The authority of the chain-of-custody manifest will be relinquished to the quality 
assurance protocol of the receiving laboratory. 

4.5 Log-In 

All samples entering the laboratory will be recorded in a log-in book. Information recorded includes: 

assignment of identification number 
sampiing personnel 
receiving personnel 
date received 
date sampled 
sample type 

O 
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• project number 
• sample location 
• date returned or disposed 

Treatability sampies are to be placed into a cooier approx. 5°C for presen/ation untii their use. At the 
conclusion of the project, the remaining sampie wiii be logged out and retumed to the client. The date 
and destination of the samples will be noted in the iog-in book. 

5.0 QUALITY ASSURANCE/QUALITY CONTROL 

With regard to anaiytical sampies, QA/QC is addressed by being aware of the foiiowing procedures: 

1. Complying with the designated hoiding times. 
2. Using trip bianks to accompany the respective sampies. 
3. Packaging the sampies properly to guard against breakage. 
4. Inspection of sampies upon receipt to check that they were not 

tampered with. 

QA/QC for treatabiiity sampies can be addressed by the foiiowing: 

1. Using durabie sample containers which are air-tight to prevent any 
leakage or volatile loss. 

2. With special reference to water samples, respective samples can be 
taken for Indicator analytical parameters (e.g., pH) just prior to shipment 
and sampled for these same parameters upon receipt at the laboratory 
as a check that the quality did not significantiy change in transit, it is 
more difficult to perform such a check with regard to soii and sludge 
samples due to their heterogeneous nature. 

6.0 HEALTH AND SAFETY 

During packaging of sampies, the fieid coordinator should check to ensure that aii field personnel are 
taking proper measures by wearing, at a minimum, gloves and safety glasses; and if warranted, more 
protection such as a dust mask or a vapor face mask. Care should be taken to ensure the integrity 
of the sampies during shipment, particularly against leakage or breakage. 

A meeting should be held between the project manager and/or the project engineer and the field 
personnel to discuss ail related health and safety issues associated with sample handling and 
shipment. 

O 
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Upon receipt of the samples at the designated laboratory, the respective sampie containers shouid be 
opened under a fume hood with personnel wearing proper protective clothing. There is a possibiiity 
that gases could have built up In concentration during shipment. 

7.0 DOCUMENTATION 

Proper documentation for this SOP Includes: 

1. Filling out aii previously descrilsed field tiooks and shipping labels. 
2. Attaching any informational sheets to samples. 
3. A properly executed chain-of-custody form. 

All related documentation will be retained in the laboratory project file during testing and in the office 
central file once the overall project Is completed. 
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ATTACHMENT 2 

RETEC 

PITTSBURGH TREATABIU7Y LABORATORY 

ANALYTICAL REQUEST SHEET 

PAGE 

PROJECT CORTACT: 

ADDRESS: Remediation Technologies. Inc. 

3040 William Pitt Way 

PittSburoh.PA 15238 

RETEC PHONE MO.: (4^2\ 826-3340 

ANAimCAL LAB: _ 

DATE SUBMITTED: 

DATE RESULTS DUE:_ 

PURCHASE ORDER MO. 

PROJECT MO.: 

3AMPLE ID 
NO. OF 
SAMPLE 
CONTAIN. 

MATRIX ' PARAMETERS 
METHOD 

REQUIRED 
MINIMUM 

DETECTION 
UMIT 

1 

• 

SPECIAL INSTRUCTIONS: 



NQ CHAIN OF CUST^ RECORD 

PROJ.NO. PROJECT NAUe 

SAMPLERS: 

SAMPLE 
NO. DATE TIME SAMPLE LOCATION 

NO. 
OP 

CON
TAINERS 

REMARKS 

r RallnquUhad by: 

I R«linqulf had by: iSlgnauutl 

PRU / Tlm« 

D»U / Tim* 

R»s«lii«d by: /MMIUMI R*llnqulthad by:Vs<iail>«*l 

Radf ivAd by: <S<(Miwa| RaMnquUhRd by: fSlyattM*! 

Dale / TIma 

Dala I TIma 

Racalvad by;'(~$ie<»»"*l 

Raealvad by: iSigaiiuisi 

RaliAqulthad by: l&aaalMar 

rREMARKS: 

Pala / TIma RacaUad loi Laboialoiy by: 
ISigtuiuif 

Dala TIma 

nni>TR 
M L; M t: m A T I o N 
1 LTIINO: onics INC 

REMEDIATION TECHNOLOGIES 
22419 72nd Avenue South 
Kent. Wasliinglon 98032 

(208) 872-0247 
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ST. LOUIS PARK TREATABILITY STUDY 

CALGON'S ACT EVALUATION REPORT 

THREE WELL COMPOSITE SAMPLE - W23/W420/W421 
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GALGON CARBON CORFORAIIOK 

Technical Service Report No. 1288-26 

Accelerated Coluon Test for Reooval 
of Napthalene from Groundvacer 

Prepared for: 

RETEC 
Pittsburgh, PA 

Author: //VX^ 
T. ?. Hartig '6630 

Date: May 3. 1989 



Technical Service Report No. 1288-26 May 3, 1989 
T. ?. Hartig ?age 2 

INTRODUCTION 

RETSC is involved in a groundwater cefflediatlon project in Minnesota, k sample of 
the contaminated water was shipped to CCC for a phenol and napthalene removal ACT. 

SUMMARY AND CONCLUSIONS 

An ACT simulating a dual Model 7.5 with 20,000 lbs of F-300 at 80 gpn was run for 
napthalene removal. 

0 The napthalene concentration in the filtered feed water was <1 ppb. 

o The ACT simulated 39.354 MM gallons treated and 343.3 days on-line without 
napthalene breakthrough. 

DISCUSSION 

The remediation site is a former tar and chemical works in Minnesota. Removal of 
polynuclear aromatic compounds and phenol from the groundwater is the object of 
this phase of the project. 

CCC received three S-gallon plastic buckets of the groundwater for the study. An 
iron/solids removal preCreatment process had reportedly been applied to this water. 
However, the samples contained a large amount of suspended solids, which resembled 
iron floe. A pressure filtration step was employed to remove this floe and to 
preserve the semi-volatile napthalene contaminant. 

CC analysis of a decant of the unfiltered sample showed approximately 80 ppb of 
napthalene and no detectable phenol. After the pressure filtration step, which 
used a 1 micron filter cartridge., the napthalene level was <I ppb. This reduction 
was due to the affinity of the solids that are trapped on the filter cartridge for 
the napthalene. Previous studies of P. A. Reiser have deounstratad this phenomena. 
She performed solvent extraction on the filter media and the retained solids. 
Large quantities of napthalene were recovered. 

The ACT was designed to simulate two Model 7.5 vessels In series, with a total of 
20,000 lbs of F-300 carbon. The simulated operating conditions were 80 gpm flow 
rate, 1.8 gpm/ft surface loading rate, and 36 minutes contact time. 

A large effluent composite sample was collected for shipment to RETEC's contract 
laboratory for PNA, GC/MS, phenol, and metals analyses. The volume requirement 
necessitated a large simulation "window**. The sample represents 168 simulated 
days, 19.233 MM simulated gallons, and 1.04 #/1000 gallons use rate. 

The study was run until depletion of feed. At that point. 343.3 simulacad days, 
39.354 MM simulated gallons, and O.Sf/1000 gallon use rate, the column effluent 
still showed no detectable napthalene. The carbon loading at tarmination was 
0.0164 mg napthalene/g carbon. 

The column effluent samples were celleeted in septum top vials to prevent 
volatilisation of the napthalene during the ACT run. Napthalene analysis was 
performed by EPA method 303.1, purge and trap with F.I.D. 

/njt 
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TABLE E-1 

VOLATILES 

PARAMETER UEEK 1 
INFLUENT EFFLUENT 

UEEK 13 
INFLUENT EFFLUENT 

IVOLATILES (ug/L) 
1 1 
1 1 

1 
1 

1 Chloromethane 1 < 10 1 < 10 < 10 1 < 10 i 
1 Bronnnethane 1 <10 1 < 10 < 10 1 < 10 1 
1 Vinyl Chloride 1 31 1 < 10 13 1 < 10 1 
1 Chloroethane 1 < 10 1 < 10 < 10 1 < 10 1 
1 Methylene chloride 1 17 1 15 < 5 1 < 5 1 
1 Trichlorofluoromethane 1 < 10 1 < 10 < 10 1 < 10 1 
1 1,1-Dichloroethene 1 < 5 1 < 5 < 5 1 < 5 1 
1 1,1-Dichloroethane 1 < 5 1 < 5 < 5 1 < 5 1 
1 trans-1,2-Dichloroethene 1 40 '1 < 5 25 1 < 5 1 
1 Chloroform 1 < 5 1 < 5 < 5 1 < 5 1 
1 1,2-0ichloroethane 1 < 5 1 < 5 < 5 1 < 5 1 
1 1,1>,1-Trichloroethane 1 < 5 1 < 5 < 5 1 < 5 1 
1 Carbon Tetrachloride 1 < 5 1 < 5 < 5 1 < 5 1 
1 Bronodichlorooiethane 1 < 5 1 < 5 < 5 1 < 5 1 
1 1,2-Dichloropropane 1 < 5 1 < 5 < 5 1 < 5 1 
1 cis-1,3-0ichloroprapena 1 < 5 1 < 5 < 5 1 < 5 1 
1 Trichloroethene i 110 1 < 5 83 1 < 5 1 
1 Benzene 1 97 1 < 5 100 1 < 5 1 
1 Dibrotnochloromethane |, < 5 1 < 5 < 5 1 < 5 1 
,| 1,1>,2-Trichloroethane 1 < 5 1 < 5 < 5 1 < 5 1 
1 trans-1,3-0ichloropropene 1 < 5 1 •« 5 < 5 1 < 5 1 
1 2-Chloroethylvinyl ether 1 < 10 1 < 10 < 10 1 < 10 1 
1 Brooioform 1 < 5 1 < 5 < 5 1 < 5 1 
1 1,1,2,2-Tecrachloroethane 1 < 5 1 < 5 < 5 1 < 5 1 
1 Tetrachloroethene 1 57 i < 5 25 1 < 5 1 
1 Toluene 1 11 1 < 5 12 1 < 5 I 
1 Chlorobenzene i < 5 1 < 5 < 5 1 < 5 1 
1 Ethyl benzene 1 79 1 < 5 92 j, < 5 1 
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TABLE E-2 

SEMI-VOLATILES 

PARAMETER UEEK 1 WEEK 13 

INFLUENT EFFLUENT INFLUENT EFFLUENT 

jsENI-VOLATILES (ug/L) 
1 1,3-Olchlorobenzefw 1 < 10 < 20 < 20 < 20 1 
1 1,4-Dichlorobenzene • < 10 < 20 < 20 < 20 1 
1 Hexachloroethane , < 10 , < 20 < 20 < 20 1 
1 Bis(2-chlaraethyl) ether < 10 < 20 < 20 < 20 1 
1 1,2-Olchlorabenzene < 10 < 20 < 20 < 20 1 
1 Bis(2-chlorofsopropyl) ether < 10 < 20 < 20 < 20 1 
1 N-Nitrasod(-n-propylainine < 10 < 20 < 20 •< 20 1 
1 Nitrobenzene < 10 < 20 < 20 < 20 1 
1 Hexachlorobutadiene < 10 < 20 < 20 < 20 1 
1 1,2,&-Trichlorobenzene < 10 < 20 < 20 < 20 1 
1 Isophonone < 10 < 20 < 20 < 20 1 
1 Naphthalene 470 < 20 1900 < 20 1 
1 Bis(2-chloroethoxy} methane ' < 10 < 20 < 20 < 20 1 
1 Hexachlorocyclopentadiene < 10 < 20 < 20 < 20 1 
1 2-Chloronaphtha(ene < 10 < 20 < 20 < 20 1 
1 Acenaphthylene < 10 < 20 < 20 < 20 1 
1 Acenaphthene < 10 < 20 < 20 < 20 1 
1 Dimethyl phthalate 35 < 20 < 20 < 20 1 
1 2,6-Dinitrotolijene < 10 < 20 < 20 < 20 1 
1 Fluorene 12 < 20 21 < 20 1 
1 4-Chlorophenyl phenyl ether < 10 < 20 < 20 < 20 1 
1 2,4-Oinitrotoluene < 10 < 20 < 20 < 20 1 
1 Diethylphthalate < 10 < 20 < 20 . < 20 1 
J N-Nitroacdiphenylanine < 10 < 20 < 20 < 20 1 
1 Hexachlorobenzene < 10 < 20 < 20 < 20 1 
1 4-Brafflophenyl phenyl ether < 10 •c 20 < 20 < 20 1 
1 Phenanthrene < 10 < 20 < 20 < 20 1 
1 Anthracene < 10 < 20 < 20 < 20 1 
1 Fluoranthene < 10 < 20 < 20 < 20 1 
1 Pyrene < 10 < 20 < 20 -< 20 1 
1 Benzidine < 10 < 200 < 200 < 200 1 
1 Butyl benzyl phthalate < 10 < 20 < 20 < 20 1 
1 Bis(2-ethylhexyl} phthalate < to < 20 < 20 120 1 
1 Chryaene < 10 < 20 < 20 < 20 f 
1 Benzo(a)anthracene < 10 < 20 < 20 < 20 1 
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TABLE E-2 cont. 

SEMI-VOLATILES 

PARAMETER UEEK 1 UEEIC 13 

INFLUENT EFFLUENT INFLUENT EFFLUENT 

jsEMI-VOLATILES (ug/L) 
1 
1 

1 3,3'-Dichlorobenzidine 1 < 10 < 40 < 40 < 40 1 
1 Di-n-octyl phchalate 1 < 10 < 20 < 20 -< 20 1 
1 Benzo(b)fluoranthene 1 < 10 , < 20 < 20 < 20 1 
1 Benzo<lc}fluoranthene 1 < 10 < 20 < 20 < 20 1 
1 Benzo<a)pyrene 1 < 10 < 20 < 20 < 20 1 
1 Indeno(1,2,3-c,d)pyrene 1 < 10 < 20 < 20 < 20 1 
1 Dibenzo(a,h)anthracafie 1 < 10 < 20 < 20 < 20 1 
1 Benzo<ghi)perylene 1 < 10 < 20 < 20 < 20 1 
1 N-Nitrosodimethylamine 1 < 10 < 20 < 20 < 20 1 
1 Z-Chlorophefwl 1 < 10 < 20 < 20 X 20 1 
1 2,A-Dtchlorophenol 1 < 10 < 20 < 20 < 20 1 
1 2,A-Diniethylphenol 1 < 10 < 20 30 < 20 1 
1 4,6-Diniitro-2-inethylphenol 1 < 10 < 100 < 100 < 100 1 
1 2,4-Dinitrophenol 1 < 10 < 100 . < 100 < 100 1 
1 2-N)traphenol 1 < 10 < 20 < 20 < 20 1 
1 4-Nitrophenol 1 < 10 < 100 < 100 < 100 1 
1 4-Chloro-3-niethylphenal 1 < 10 < 20 < 20 < 20 1 
1 Pentachlorophanol 1 < 10 < 100 < 100 < 100 1 

1 Phenol 1 < 10 < 20 < 20 < 20 1 

1 2,4,6-Trichlorophenol 1 < 10 < 20 < 20 < 20 1 

1 Di-n-butyl phthalate 1 < 10 < 20 < 20 < 20 1 

1 1,2*D{phenylhydrazine 1 < 10 < 20 < 20 < 20 1 
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TABLE E-3 

PESTICIDES 

PARAMETER UEEK 1 WEEK 13 

INFLUENT EFFLUENT INFLUENT EFFLUENT 

IPESTICIDES (ug/L) 
1 
1 

1 a-BHC 1 < 0.5 < 0.05 < 0.05 < 0.05 \. 
1 g-BHC 1 < o.s < 0.05 < 0.05 < 0.05 1 

1 b-BHC 1 < 0.05 < 0.05 < 0.05 < 0.05 1 

1' Heptachlor 1 < 0.05 < 0.05 < 0.05 •< 0.05 1 

1 d-BHC 1 < 0.05 < 0.05 < 0.05 < 0.05 1 

|, Aldrin 1 < 0.05 < 0.05 < 0.05 < 0.05 1 

1 Heptachlor epoxide 1 < 0.05 < 0.05 < 0.05 < 0.05 1 

|. Endosulfan I 1 < 0.05 < 0.05 < 0.05 < 0.05 1 

1 4,4'-DDE 1 < 0.1 < 0.1 < 0.1 < 0.1 1 

1 Dfeldrin 1 < 0.1 < 0.1 < 0.1 < 0.1 1 

1 Endrin 1 < 0.1 < 0.1 < 1 < 0.1 1 

1 4,4'-DOD 1 < 0.1 < 0.1 < 1 < 0.1 1 

1 Endosulfan 11 1 < 0.1 < 0.1 < 1 < 0.1 1 

1 4,4'-DDT 1 < 0.1 < 0.1 < 1 < 0.1 1 

1 Endrin aldehyde 1 < 0.1 < 0.1 < 0.1 < 0.1 1 

1 Endosulfan sulfate 1 < 0.1 < 0.1 < 0.1 < 0.1 1 

1 Hethoxychlor 1 < 0.5 < 0.5 < 0.5 < 0.5 1 

1 Chlordane 1 < 0.5 < 0.5 < 0.5 < O.S 1 

1 Toxaphene 1 < 1 < 1 < 1 < 1 1 
1 PCB-1G16 1 < 0.5 < 0.5 < 0.5 < 0.5 1 

1 PCB-1221 j. < 0.5 < 0.5 < 0.5 < 0.5 1 

1 PCB-1232 1 < 0.5 < 0.5 < 0.5 < 0.5 1 

1 PCB-1242 1 < 0.5 < 0.5 < 0.5 < 0.5 1 

1 PCB-124a 1 < 0.5 < 0.5 < 0.5 < 0.5 1 

1 PCB-12S4 1 < 1 < 1 < 1 < 1 1 
1 PCB-1260 1 "« 1 < 1 < 1 < 1 1 
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TABLE E-4 

METALS 

PARAMETER UEEK 1 UEEK 13 
INFLUENT EFFLUENT INFLUENT EFFLUENT 

IMETALS (mg/L): 
1 1 
1 1 

1 
1 

1 
1 

1 Silver 1 < 0.010 1 < 0.010 1 < 0.010 1 < 0.010 1 
1, Arsenic 1 < 0.010 1 < 0.010 1 < 0.010 1 < 0.010 1 
1 Berytliim 1 < 0.005 1 < 0.005 1 < 0.005 1 < 0.005 1 
1 Cadmiun 1 < 0.005 1 < 0.005 1 < 0.005 1 < 0.005 1 
1 Chrcffliun 1 < 0.010 1 < 0.010 1 < 0.010 1 < 0.010 1 
1 Copper 1 < 0.025 1 < 0.025 1 < 0.025 1 < 0.025 1 
1 Iron 1 1.840 1 < 0.100 1 1.080 1 <0.100 1 
1 Dissolved Iron 1 < 0.100 1 < 0.100 1 0.010 1 < 0.100 1 
1 Manganese 1 0.374 1 0.034 1 0.374 1 0.691 1 
1 Nickel 1 < 0.040 1 < 0.040 1 < 0.040 1 < 0.040> 1 
1 Lead 1 < 0.010 1 < 0.010 1 < 0.010 1 < 0.010 1 
1 Antimony 1 < 0.060 1 < 0.060 1 < 0.060 1 < 0.060 1 
1 Selaniun 1 < 0.005 1 < 0.005 1 < 0.005 1 < 0.005 1 
1 ThalliUB 1 < 0.010 1 < 0.010 1 < 0.010 1 < 0.010 1 
1 Zinc 1 0.085 1 < 0.020 1 0.083 1 0.031 1 
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TABLE E-5 

MISCELLANEOUS 

PARAMETER WEEK 1 UEEK 13 
INFLUENT EFFLUENT INFLUENT EFFLUENT 

I i i i i I 
INISCELLANEOUS (mg/L): | | III 
I Phenelfes (4-AAP) j 0.074 j < 0.005 j 0.124 j 0.012 j 
I ^1 
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EXECUTIVE SUMMARY 

Reilly Industries, Inc. (Reilly) contracted with Remediation Technologies Inc. 

(ReTeC) of Pittsburgh!, PA to perform an engineering evaluation of alternative treatment 

systems for pumped groundwaters at its former wood treating and coal tar refining site 

located in St. Lx)uis Park, Minnesota, which is a superfund site. A Remedial Action Plan 

(RAP) embodied within a Consent Decree among Reilly, the City of St. Louis Park (City), 

the Minnesota Pollution Control Agency (MPCA) and the U.S. Environmental Protection 

Agency (U.S. EPA) provides specific requirements for remedial action of site 
groundwaters. 

To comply with the provisions of the RAP in terms of achieving groundwater 

treatment objectives, ReTeC, using historic groundwater quality data, performed an 

engineering screening evaluation with biological fluidized bed, ozoneAJV, hydrogen 

peroxide/UV and activated carbon treatment considered as potential options based on 

technical feasibility. This evaluation focused on: (i) combined treatment of wells 

W420/W421 with single treatment of well W23, and (ii) combined treatment of all three 

wells. In terms of both technical and economic considerations (i.e., capital and O&M 

costs), activated carbon treatment of all three wells combined offered the best alternative. 

On this basis, plus the fact that activated carbon treatment is a proven and 

accepted technology, ReTeC performed treatability testing to provide site specific 

information related to the technical and economic issues associated with the treatment of 

the pumped groundwaters via activated carbon treatment. Technical issues related to: (i) 

the extent to which chemicals-of-interest are removed by the treatment system, (ii) 

potential operational issues associated with extended treatment, and (iii) the need, if any, 

for additional controls (i.e. pH control, iron removal, filtration). Economic issues related 

to engineering design optimization of the treatment system in terms of established costs 

were evaluated where appropriate. Such information included: (i) representative carbon 

exhaustion rates, (ii) quantifying required Empty Bed Contact Times, (iii) quantifying 

dosage rates for additional controls, and (iv) establishing proper hydraulic loading rates. 
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This engineering report has been prepared in conjunction with a Treatability Study 
Report. Based upon the information developed during treatability testing, it was 
substantiated that a treatment system comprised of pretreatment (i^e., potassium 
permanganate chemical oxidation and sand filtration to remove associated iron and 
manganese) followed by activated carbon column treatment represents both a technically 
feasible and economically efficient solution for the St. Louis Park site groundwaters. 

The following report provides the detailed conceptual design which evaluates the 
information developed and establishes the following design conclusions. The treatment 
system requires a 1200 foot connecting pipe to be installed between the locations of wells 
W23 and W420/W421. 

• A single treatment system will be Ibcated at the W420/W421 location; 

• The primary components of the treatment system will be a chemical 
feed system to add potassium permanganate (KMnO^) to the pumped 
groundwater flow; 

an in-line static mixer to achieve mixing of 
potassium permanganate and the pumped 
groundwaters, 

a DynaSand model DSF38 continuous 
backwashing type sand filter, and 

two (2) five thousand pound (5,000 lbs) activated 
carbon columns in series. 

The purpose of the potassium permanganate addition is to chemically oxidize reduced 
iron and manganese species present in the groundwater. This will result in precipitation 
of the iron and manganese as hydroxides with removal from the groundwaters achieved 
via sand filtration. The coal-tar related organics (e.g., phenolics and polynuclear aromatic 
hydrocarbons) will be removed via activated carbon column treatment. Effluent from the 
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treatment system is expected to meet or exceed all targeted National Pollution Discharge 
Elimination System (NPDES) criteria. This treated effluent discharge will be routed to 
the Miimehaha Creek via a storm sewer from the site. Sand filter backwash water will 
be discharged to the Minneapolis/St. Paul Metropolitan sanitary sewer system. The total 
design flowrate for this treatment system is 140 gpm. 

Application for an NPDES permit is being made to the State of Minnesota 
Pollution Control Agency with both this Engineering Evaluation Report and a Treatability 
Study Report being supplied as background and supporting documentation. 

Plans are to begin discharging the treated groundwater into Minnehaha Creek in 
September, 1990. Thus, process design, procurement and construction must begin in the 
first quarter of 1990, once regulatory approval is granted by the State of Minnesota 
regarding the conceptual approach. 
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1.0 INTRODUCTION 

Reilly Industries, Inc. (Reilly) has contracted with Remediation Technologies, Inc. 
(ReTeC) to perform an Engineering Evaluation of Treatment Options for Source Control 
Well Discharges at a site located in St. Louis Park, Minnesota. 

Based upon results of laboratory treatability work and on-site pilot-scale work 
performed at the St. Louis Park site, it is concluded that a full-scale groundwater 
treatment system should include pretreatment via chemical oxidation/sand filtration 
followed by activated carbon column treatment. Furthermore, it is recommended that 
potassium permanganate (KMnO^) be used as the chemical oxidant. The purpose of the 
potassium permanganate/sand filtration pretreatment step is to reduce the iron and 
manganese levels to within anticipated National Pollution Discharge Elimination System 
(NPDES) limitations (i.e., <1.0 mg/1) and to circumvent plugging of the activated carbon 
columns needed for subsequent removal of organics (e.g., phenolics and polynuclear 
aromatic hydrocarbons). 

The following report is an Engineering Evaluation Report based upon the 
treatability studies and the engineering design work which have been performed to date. 
This report is issued in conjunction with ReTeC's associated Treatability Study Report [1] 
and an NPDES Permit Application [2]. 

Specific areas related to the engineering evaluation of the treatability work 
performed and design of a full-scale system are addressed in the following sections. 
Section 2.0 provides background information associated with the project and the site. 
Section 3.0 provides the engineering design parameters used as a basis for design of the 
full-scale system. Section 4.0 gives an overview of the process train associated with the 
full-scale treatment system, including utility and building requirements. Section 5.0 
addresses anticipated effluent quality and other associated permitting issues, including 
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recommendations for operational and permit monitoring. Analytical data, statistical 
summaries, DynaSand Filter Pilot-Scale test report and specMc manufacturers' information 
are given in the respective Appendices. 
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2.0 BACKGROUND 

This section provides background information related to: 

• Site Conditions. 
• Preliminary Engineering Evaluation. 
• Treatability Testing. 
• Schedule of Compliance Events. 

2.1 Site Conditions 

In accordance with various remedial action requirements for its former wood 
treating and coal tar refining plant site located in St. Louis Park, Minnesota, Reilly 
installed a series of five different source and gradient control weUs in 1987. Relevant 
characteristics of the wells, designated as W23, WIOS, W420, W421 and W422, are 
summarized in Table 2-1. 

Installation of the wells was specified under the terms of the Remedial Action Plan 
(RAP) embodied in the Consent Decree between Reilly, the City of St. Louis Park (City), 
the Minnesota Pollution Control Agency (MPCA) and the United States Environmental 
Protection Agenqr (U.S. EPA). These wells, operated by the City, currently discharge to 
sanitary sewers. As part of a separate arrangement between Reilly and the City that is 
part of the Consent Decree, Reilly must, by September 1990, provide treatment to permit 
discharge to storm sewers. These waters will ultimately discharge into the Minnehaha 
Creek, and as such, will require an NPDES discharge permit. The RAP requires that the 
MPCA draft the necessary NPDES permit using the anticipated NPDES limits given in 
Table 2-2. At this time, it appears that W105 will not require treatment since its' 
discharge meets both the cessation criteria established by the RAP and the anticipated 
NPDES limits given in Table 2-2 [3]. Reilly does not intend to pursue treatment of W422 
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TABLE 2-1 

SUMMARY OF SOURCE AND GRADIENT CONTROL 
WELL CHARACTERISTICS 

CHARACTERISTICS U23 U105 U420 [c] UA21 [c] U422 

AQUIFER 
PUMPED [a] 

Prairie du 
Chein/ 
Jordan 

I ronton/ 
Gainesville 

Drift Platteville Drift 

RAP 
REQUIRED 
PUMPING 
RATE (gpm) 

DESIGN PUMPING 
RATE (gpm) 

START UP DATE 

TOTAL PAH CONC. 
(ug/l) [b] 

PHENOLICS (4AAP) 
(ug/l) [b] 

SO 

60 

11/5/87 

190 

10 

25 

NA 

11/5/87 

2.4 

< 10 

40 

50 

1/11/88 

3,800 

330 

25 

30 

1/11/88 

840 

< 50 

50 

NA 

1/11/88 

56 

10 

NOTES; 

[a] -

CM -

[c] -

< -

NA -

The Drift is the surficial aquifer and is connected hydraulically to the underlying Platteville. The 
Ironton/Gainesville and Prairie du Chein/Jordan are deep, confined bedrock aquifers. 

Based on available sample results through October 88. 

These wells are located next to each other and share a conmon discharge line to the sewer. 

Designates below limit of detection. 

Not Applicable. 
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TABLE 2-2 

ANTICIPATED NPDES DISCHARGE REQUIREMENTS 

DAILY MAXIMUM 30-DAY AVERAGE 
CONCENTRATION CONCENTRATION 

PARAMETER 

TOTAL NA 0.31 
POTENTIALLY 
CARCINOGENIC PAHs 
(ug/l) [a] 

TOTAL OTHER PAHs 34 17 
(ug/l) [a] 

PHENANTHRENE 2 1 
(ug/l) 

PHENOLICS (4AAP) NA 10 
(ug/l) 

NOTES; 

NA - Not Applicable 
[a] - See Table 2-3 for list of respective individual PAHs. 
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at the present time as this will be addressed with the City in conjunction with the City's 
operation and discharge of the adjacent St. Peter aquifer source control well W41'0. 
Therefore, the engineering evaluation is limited to wells W23, W420 & W421. As 
illustrated in Figure 2-1, well W23 is located on Lx)uisiana Avenue in a pump house along 
the edge of an open park. Wells W420 & W421 are located in a pump house located 
in a light industrial area, approximately 1200 feet south of well W23, at the intersection 
of Louisiana Avenue and West Lake Street. 

These three source wells have been pumping for approximately 2 years and their 
chemicals-of-interest concentrations have varied over this time period. Table 2-3 gives 
the targeted NPDES permit limits along with the average concentrations of the respective 
parameters for wells W23, W420, and W421. The specific PAH compounds listed are 
presently being monitored by the City in the three well discharges on a quarterly basis. 
This list of specific PAHs is referred to as the St. Louis Park - Polynuclear Aromatic 
Hydrocarbons (SLP-PAH) list; which is specified in the RAP. The values given in 
Table 2-3 are computed from monitoring data from 1987 through June, 1989, as given in 
Appendix A. The average values indicate the mean values for all detectable quantities 
measured. The Lower 95% Confidence Interval Limit (L95%) and the Upper 95% 
Confidence Interval Limit (U95%) identify a range within which there exists a 95% 
probabilify that the true mean will fall assuming a normal distribution of the data. 
Specific discussions of this statistical methodology are provided elsewhere [4]. 

Figures 2-2 through 2-5 provide graphical presentations of the quarterly well 
monitoring data for selected chemicals-of-interest as a function of cumulative pumpage. 
These figures respectively depict detectable concentrations for total potentially 
carcinogenic PAHs, total other PAHs, naphthalene and phenolics. These parameters, with 
the exception of naphthalene, were selected based on their application to NPDES 
permitting issues. Naphthalene was graphically presented because it generally represents 
the largest percentage of the total PAH concentrations measured in the well discharges, 
and also because it is the parameter which will be one of the more important chemicals 
in determining carbon exhaustion for the full-scale treatment system, with phenolics being 
another possibilify. 
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FIGURE 2-1 

WELL LOCATIONS - W23, W420 & W421 
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TABLE 2-3 

ST. LOUIS PARK - POLYNUCLEAR AROMATIC HYDROCARBON 
(SLP-PAH) LIST WITH RESPECTIVE VALUES FOR W23, W420 & W421 

TARGET NPDES DISCHARGE PRAIRIE DU CNEIN/JOROAN DRIFT PIATTEVILLE 
PARAHETER CONCENTRATIONS U23 SCU DISCHARGE W420 sew DISCHARGE W421 sew DISCHARGE 

POIENTIALLT CARCINOGENIC DAILT MAX. 30 DAT AVG. « AVG. L95X II95X « AVG. L95X U95X f AVG. L95X U95X 
(P.C.). PAHS (ug/l) 

Gulnollne 0 ND ND ND 0 NO ND ND 0 ND ND ND 
Renzo(a)anthracena 1 0.235 NA* NA* 0 ND ND ND 0 NO ND ND 
Chrysena 1 0.203 HA* NA* 0 ND ND ND 0 ND ND ND 
Bemofluoranthanaa 1 0.024 NA* NA* 0 ND ND ND 0 ND ND ND 
Benzo(a)pyrena 1 0.028 NA* NA* 0 ND ND ND 0 ND ND ND 
Indenod,2,3-c,d)pyrena 0 NO ND ND 0 ND ND ND 0 ND ND ND 
Dlbenio(a,h)anthracana 0 ND HO ND 0 ND ND ND 0 ND NO NO 
Benzo(g,h,l>pyrena 0 ND ND ND 0 ND ND ND 0 NO ND ND 

TOTAL P.C. DETECTABLE PANS NA a.3T 1 o.sn NA* NA* 0 ND ND ND 0 ND ND ND 

OTHER PANS (ug/l) 

2,3-Beniofuran 4 A.S 0.0 13.6 7 41.8 19.8 63.8 4 2.6 0.3 4.8 
2,3-Dyhydrolndena 9 22.5 10.9 34.2 8 127.3 89.4 165.1 8 128.0 100.0 156.0 
Indene 9 18.3 0.1 36.5 8 203.6 113.2 294.0 8 86.0 64.0 108.0 
Naphthalene TO A6.1 23.2 109.0 9 1661.8 1034.6 2288.9 9 500.4 410.2 590.7 
BeniolUthlophena 9 11.7 3.1 20.3 7 112.3 67.8 156.8 7 63.6 50.1 77.1 
Indole 0 ND ND ND 0 ND ND ND 0 ND ND ND 
2-Hethylnaphthalene 9 14.A 0.0 29.6 7 87.4 37.6 137.3 3 1.9 0.0 3.9 
1-Hethylnaphthalene 9 20.4 5.9 35.0 7 84.9 50.9 118.8 7 27.3 19.6 35.0 
Blphenyl 9 A.2 2.4 9.9 6 18.9 11.7 25.5 3 3.3 1.3 5.4 
Acenaphthylene 10 5.1 2.2 7.9 1 61.7 NA* NA* 1 44.2 NA* NA* 
Acenaphthane 10 20.7 13.1 28.3 8 73.8 51.6 95.9 7 18.1 12.7 23.4 
DIbentofuran 9 10.5 4.3 16.6 7 27.0 18.4 35.6 3 2.9 0.3 5.5 
Flourena 10 14.4 9.A 19.1 8 21.7 14.0 29.4 5 3.7 2.2 5.2 
DIbeniothlophene ' A 1.4 1.1 1.7 2 1.8 0.0 5.4 1 100.0 NA* NA* 
Phenathrsne 2.0 T.D 10 1A.8 10.5 ZS.O 6 9.8 4.8 14.8 3 1.3 1.1 1.6 
Anthracene 10 2.2 1.5 2:9 0 ND ND NO 0 ND ND ND 
Acrldlne 0 ND ND ND 0 ND ND ND 2 1.1 0.6 1.5 
Cerbazole 8 2.9 1.6 4.3 7 47.4 37.5 57.4 7 16.9 12.1 21.6 
Fluoranthena 10 5.4 4.1 6.7 0 ND' ND ND 0 ND ND ND 

10 4.4 3.5 5.3 0 ND ND NO 0 ND ND ND 
BenzoleTpyrene 0 NO NO ND 0 ND ND ND 0 ND ND ND 
Perylene 0 ND ND ND 0 ND ND ND 0 ND ND ND 

TOTAL OTHER DETECTABLE 3A.0 T7.0 10 234.A 103.9 365.3 9 2378.3 1480.6 3276.1 9 811.1 661.3 960.8 
PANS 

OTHER PARAMETERS (mg/l) 

Oil t Grease 1 5 NA* NA* 1 10 NA* NA* 1 •NA* NA* NA* 
PhenolICS («AAP> (ug/l) NA 10.0 1 10 NA* NA* 8 230 89 370 7 37 24 49 
TSS 1 2 NA* NA* 1 9 NA* NA* 1 NA* NA* NA* 

ROTES! Actual data given In.Appendix A. 
NA* • Not Applicable since paranater uaa detected in only i 

eenple. 
NA • Not Applicable. 
NO • Not Detectebla. 

AVG - Average Velua. 
L95X - Lower 95X Confidence Interval Limit. 
U95X - Upper 9SX Confidence Interval Limit. 
D NuNber of detectable concentratlona used to coiputo 

respective statietlcs. 
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FIGURE 2-2 

TOTAL POTENTIALLY CARCINOGENIC PAHs 
-VS-
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FIGURE 2-3 

TOTAL OTHER PAHs 
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FIGURE 2-4 
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FIGURE 2-5 

PHENOLICS 
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Referring to Figure 2-2, potentially carcinogenic PAHs were not detected in the 

well discharges at method detection limits (i.e., reporting limits) ranging between 10 to 

200 ug/L; thus, it is not quantifiably known if the anticipated 30-day average target 
NPDES requirement of 0.31 ug/L is exceeded or not. To measure such low 

concentrations, a method detection limit of 0.01 ug/L must be achieved. This is difGcult 

to achieve for the site groundwaters in question given the fact that the groundwaters are 

much more highly contaminated in terms of other PAH parameters. As cited in 

Figure 2-2, based on quanitifiable data, the targeted NPDES requirement of 0.31 ug/L 

was exceeded on only one occasion with total potentially carcinogenic PAHs measured 

only once at approximately 0.57 ug/L. As cited in Table A-2 of Appendix A, this 

sampling event corresponded to PAH analysis by HPLC which was able to detect PAHs 

at lower quantifiable limits than the GCYMS Selective Ion Method (SIM) routinely used 

by Roclqr Mountain Analytical Laboratories (Denver, Colorado) as part of the routine 

monitoring specified by the RAP. The HPLC analysis was performed by Keystone 

Environmental Resources, Inc. Laboratory (Pittsburgh, Pennsylvania) as part of ReTeC's 

treatability studies. The fact that potentially carcinogenic PAHs were not routinely 

detected using the GC/MS-SIM method is not an important issue since activated carbon 

treatment will remove these PAHs to levels below 0.01 ug/L detection. As cited later in 

this report, carbon exhaustion will be determined by non-carcinogenic PAHs (i.e., 

naphthalene) and phenolics (4-AAP). 

In terms of the other three parameters, Figures 2-3 through 2-5 illustrate that all 

three well discharges require treatment. In terms of total other PAHs and naphthalene, 

Figures 2-3 and 2-4 indicate steadily declining concentrations in well W23. It is not 

certain as to when the discharge quality will drop below 10 ug/L, at which point W23 

could be shut down after pumping for at least five years. Contrary to this, total other 

PAHs and phenolic concentrations in wells W420 and W421 have remained steady or 

increased over time, with no indication that they may decline in the near term. As cited 

in Table A-2 of Appendix A, phenolics were monitored twice in W23 with a detectable 

quantity measured only once, thus no line plot appears in Figure 2-5 with respect to W23. 
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These data indicate that the full-scale treatment system design should' be capable 
of treating vaiying influent organic concentrations from all three wells and be considered 
as a permanent (a decade or more) installation. 

2.2 Preliminary Engineering Evaluation 

Given the preceding design constraints and historic groundwater quality data, 
ReTeC performed an engineering screening evaluation with biological fluidized bed, 
ozoneAJVi hydrogen peroxide/UV, and activated carbon treatment considered as potential 
options based on technical feasibility. This evaluation focused on: (i) combined treatment 
of W420/W421 with single treatment of W23, and (ii) combined treatment of all three 
wells at the location of W420/W421. In terms of economic considerations (i.e., capital 
and O&M costs), activated carbon treatment of all three wells combined was selected as 
the preferred treatment scheme. This report presents the engineering evaluation of a 
treatment system for the three well discharges combined with a connecting pipe from 
W23 to the location of wells W420/W421 (shown in Figure 2-1). 

2.3 Treatability Testing 

Treatability testing was performed to further evaluate activated carbon column 
treatment of site groundwaters to provide information to evaluate technical and economic 
issues. Technical issues relate to: (i) the need for iron and manganese removal via a 
pretreatment process, (ii) the extent to which site chemicals-of-interest are removed by 
the treatment system, (iii) potential operational issues associated with extended treatment, 
and (iv) additional control processes (e.g., pH control and backwash tanks). Economic 
issues relate to engineering design optimization of the treatment system in terms of 
associated capital and O&M costs. Such information includes: (i) representative carbon 
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exhaustion rates, (ii) quantifying required Empty Bed Contact Times (EBCT), (iii) 
quantifying dosages of treatment chemicals if required, and (iv) establishing proper 
hydraulic loading rates. 

To answer these questions, laboratory and on-site pilot-scale testing was performed. 
The laboratory work was performed from December, 1988 through February, 1989 and 
focused on further groundwater characterization and pretreatment testing for iron and 
memganese reduction. 

Based on the laboratory testing results, an on-site pilot-scale treatment system was 
designed, constructed, set up and operated from March 28, 1989 through October 17, 
1989. The system consisted of the following sequential components: 

• Chemical oxidation with potassium permanganate (KMnO^). 
• Anthracite/sand filtration via a downfiow packed bed column. 
• Activated carbon column treatment via three in-series downfiow 

packed bed columns. 

For practicality and convenience, the on-site pilot-scale work was limited to wells 
W420 and W421. The pilot unit was located in the pump house at that locale and tested 
a flow proportioned influent from wells W420 and W421. To incorporate W23 
groundwater into the on-site pilot-scale testing would have required water to be 

transported manually to the location of the pilot unit on a daily or weekly basis. The fact 
that W23 groundwater was not used is not considered a critical factor since wells W420 
and W421 contain basically the same chemicals-of-interest at higher concentrations than 
W23 (see Figures 2-2 through 2-5). 

The results of the treatability work performed serve as the engineering design basis 
of the full-scale treatment system presented in the subsequent sections of this report. 

Specifics of the treatability work performed are documented in an associated treatability 
report [1]. 
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2.4 ScheduOe of CompBiance Events 

In order to comply with the provisions of the Reilly/City agreements, a full-scale 
groiuidwater treatment system must be operating with an NPDES discharge to Minnehaha 
Creek by September, 1990. To this end, Reilly contracted ReTeC in November, 1988, to 
provide assistance m evaluatmg and designing an appropriate treatment system which 
would meet the requirements of the RAP. Table 2-4 lists the main events associated with 
meetmg this goal. These events are listed in chronological order and are separated into 
"completed" and "to be completed" categories. 

As cited, laboratory treatability work was begun immediately, followed by on-site 
pilot-scale testmg which began in March, 1989. With the issuance of this report, the 
engineering evaluation of a full-scale groundwater treatment system will be completed. 
Application for an NPDES permit will be made to the MPCA in November, 1989. 
Construction of a full-scale system is anticipated to begin in the third quarter of 1990 with 
the system commg on-lme m the fourth quarter of 1990. 
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TABLE 2-4 

SCHEDULE OF COMPLIANCE EVENTS 

Tasfcs Comtetedi 

• Rellly Industries awarded contract to ReTeC - 11/88. 

• Laboratory work began - 11/88. 

• Conceptual design for pilot system completed - 2/89. 

• Pilot-Scale Treatability Testing conducted - 3/89 through 10/89. 

• Engineering evaluation completed - 11/89. 

• Permit Application completed and submitted to Reilly for review - 11/89. 

• ReTeC field trial work of DynaSand Filter • 10/89. 

Permit Application to be submitted to HPCA - 11/89. 

Agency's tentative approval of Permit Application by 3/90. 

Detailed process design/bid package to be completed by 2nd Quarter of 1990. 

Construction during 3rd Quarter of 1990. 

System on line and operating in 4th Quarter of 1990. 
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3.0 ENGINEERIING DESIGN BASIS 

This section presents the design parameters of the full-scale treatment system in 
terms of flow rates, chemicals-of-interest concentrations, the chemical oxidation/sand 
filtration pretreatment process, and the activated carbon column treatment process. The 
design parameters cited are based upon the results of the treatability work described in 
the associated treatability report [1] and results of the quarterly well discharge monitoring 
performed by the City of St. Louis Park. 

3.1 Flowrates 

The design flowrate for all three wells (W23/W420/W421) combined is given at 140 
gpm. Respective individual design flowrates are given in Table 3-1 and cite W23 at 60 
gpm, W420 at SO gpm, and W421 at 30 gpm. These design flowrates are more than the 
respective values specified in the RAP and very close to, if not greater than, the Upper 
95% Confidence Interval Limits (U95%) of the monthly averages computed for the time 
periods that the three individual wells were pumping. These same conditions also apply 
to the total design flowrate of 140 gpm. Thus, it is statistically supported that the total 
design flowrate given represents a conservative value for design purposes, as well as being 
substantially higher than the total flowrate given in the RAP. 

Figure 3-1 plots the monthly averages of the flowrates for the three individual wells 
and all three combined for the period November, 1987 through September, 1989. 
Pumping of W23 started in November, 1987, and W420/W421 in January, 1988. As cited, 
the monthly flowrates for all three individual wells remained relatively constant except for 
W23 which increased above its design flowrate of 60 gpm to near 70 gpm during July 
through September, 1988. This resulted in the total flow for all three wells slightly 
exceeding the design rate of 140 gpm during the same period. Generally speakings the 
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TABLE 3-1 

DESIGN FLOWRATES 

CONDITION 

FLOW RATES (GPH) 

W23 W420 W421 

50 40 [a] 25 115 
56 40 31 127 
60 43 34 137 

60 50 30 140 

RAP SPECIFIED 
MONTHLY AVG [b] 
U95X [b] 

DESIGN 

NOTES; 

Ca] - Per ERT August, 1988 report entitled, "Evaluation Report for Drift Aquifer Source Control Well 
Primping Rate" and W.H. Gregg (ENSR) letter of Hay 22, 1989 to J.N. Grube (SIP), D. Wilson (EPA) and 
H.K. Vennervity (MCPA). 

Cb] - Mean and Upper 95X Confidence Interval Limit taken from the Statistical Evaluation of Average 
Monthly Flow Rates (see Table A-1 in Appendix A). 
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FIGURE 3-1 

GRAPHICAL PRESENTATION OF WELL DISCHARGE FLOWRATES 
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flowrates from the three wells remained somewhat constant during the pumping period 
with the total combined flow averaging 127 gpm. 

3.2 Chemicals-of-lnterest Concentrations 

Table 3-2 gives the chemicals-of-interest concentrations used in the engineering 
design of the full-scale treatment system. As cited, the respective data given for the 
combined flow of W23/W420AV421 are calculated based upon flow-proportioned measured 
concentrations for W23 and W420/W421. Measured W23 data are taken from both 
quarterly monitoring results and initial characterization results of the treatability study. 
Measured W420/W421 data are taken from the on-site pilot-scale treatability work. These 
two well discharges were combined on a flow-proportioned basis for the pilot testing with 
several data points collected: The values of the averages were used for the design as a 
conservative approach. 

Of the specific parameters cited, naphthalene and phenolics are to be used to 
estimate carbon exhaustion rates for the full-scale system. Treatability results showed that 
these two parameters will potentially break through first to the extent that respective 
targeted NPDES permit limits will be exceeded. This observation is also consistent with 
published isotherm data [5]. 

The calculated iron (Fe) and manganese (Mn) values are to be used to estimate 
KMnO^ requirements in the chemical oxidation/sand filtration pretreatment step of the 
full-scale system. As cited in Table 3-2, the naphthalene and phenolics statistical values 
are from samples taken of the influent to the pilot-scale sand filtration column while the 
iron and manganese statistical values are from the combined influent flow to the pilot-
scale unit prior to KMnO^ addition. 
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TABLE 3-2 

SUMMARY OF ENGINEERING DESIGN 
CHEMICALS-OF-INTEREST CONCENTRATIONS 

PARAMETER U23 [a] 

MEASURED 

U420/W421 [bl 

CALCULATED 

U23/UA20/U421 Cc] 

FLOU RATE 
(X Total Design Flow) 

POTENTIALLY 
CARCINOGENIC PAHs 
CONCENTRATION (ug/l) 

TOTAL OTHER PAHs 
CONCENTRATION (ug/l) 

NAPHTHALENE 
CONCENTRATION (ug/l) 

PHENOLICS 
CONCENTRATION (ll«/l) 

IRON 
CONCENTRATION (mg/l) 

MANGANESE 
CONCENTRATION (mg/l) 

43 

0.570 

365.3 

109.0 

0.010 

1.31 

0.083 

57 

0.033 [d] 

849.0 [d] 

743.0 

0.030 

2.328 

0.388 

100 

0.263 

641.7 

471.3 

0.021 

1.892 

0.257 

NOTES; 

[a] -

[bl -

Cc] -

Cd] -

W23 measured concentrations given represent Upper 95X Confidence Interval Limit of respective values 
taken from Table A-2 in Appendix A for all parameters except Iron and Manganese; data for these two 
parameters were taken from Table B-1 in Appendix B, Treatability Study Results. 

U420/U421 measured concentrations given represent Upper 95X Confidence Interval Limit of respective 
values taken from Table B-4 in Appendix B, for all parameters except Iron and Manganese; data (Upper 
95X Confidence Interval Limit) for these two parameters were taken from Table B-3 in Appendix B, 
Treatabilty Study Results. 

Calculated values given represent respective flow proportioned concentrations using measured' values. 

Only detectable SLP list PAHs by HPLC included. 
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3.3 Chemical Oxidation/Sand Filtration Pretreatment 

Design parameters for the pretreatment step are cited in Table 3-3 for both the 
on-site pilot-scale work and the full-scale implementation. Respective treatability study 
results used are given in Appendix B as taken from the treatability study report [1], 

With regard to the influent iron and manganese concentrations, it is shown that the 
average values given for the pilot testing are relatively similar to the estimated full-scale 
treatment system values. Thus, this fact supports that the pilot-scale treatability results 
are valid in terms of their being used in the full-scale design. 

With regard to chemical oxidation requirements, a KMnO;^ chemical oxidation 
dosage corresponds to a requirement of approximately 0.02 lb./1000 gallons or 4.3 pounds 
per day. For sand filtration, specijBcations of the full-scale system are cited for a Parkson 
Corporation DynaSand filter. The main differences between the pilot-scale sand filter 
used and the DynaSand are: (i) the pilot unit used a mixed media of sand and anthracite 
whereas the DynaSand uses only one media type, and (ii) the DynaSand operates in the 
upflow mode with continuous backwashing while the pilot unit operated in the downflow 
modb with daily intermittent backwashing required. Regardless of these differences, it is 

felt that the DynaSand filter should obtain comparable results in terms of Fe and Mn 
removal for the reason that the effective size (E.S.) of the media are comparable as well 

as the superficial flowrate with the DynaSand being a bit higher. Lastly, the amount of 
continuous backwash water from the DynaSand filter represents a much smaller 
percentage of the applied flowrate than a conventional downflow type filter with 

intermittent backwash. 

To demonstrate the effectiveness of the DynaSand filter for Fe and Mn removal, 
a continuous pilot study was conducted at the St. Louis Park site during the time period 
October 26 through November 6, 1989. Further discussions of the DynaSand filter and 

the pilot testing performed are given in Section 4.0 with a detailed pilot-scale testing 
report given as Appendix C. 
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TABLE 3-3 

ENGINEERING DESIGN BASIS FOR CHEMICAL 
OXIDATION/SAND FILTRATION 

PARAMETER PILOT-SCALE 
(Meeeured) 

FULL-SCALE 
(Calculated) 

DESIGR FLOW RATE (gpm) 0.1 140 

YEARLY FLOU 

(Millions of Gallons) RA 73.6 

IRFLUERT IRAN CARCERTRATION (mg/L) 1.9B0 (a) 1.892 (b) 

IRFLUERT NARGAMESE CAMCERTRATIAR (mg/l) 0.370 (e) 0.257 (b) 

ICMng^ DOSAGE 
(Ratio KMnD4:Pareiiietar) 

IRAR (e) 1:1 1:1 

MARGARESE (C) 2:1 2:1 

Dln04 DOSAGE (ppn - ng/l) 

TOTAL 9.2 2.4 

I«n04 USAGE 

(lba/1000 gallon) G.077 0.02 

(Ibe/dey) RA 4.03 

(Ibe/year) RA 1,473 

SARD FILTRATIOM (DynaSend Filter) 

MEDIA TYPE Anthracite - 0.9 en E.S. 
1.70 u:c. 

Send - O.AB nn E.S. 
1.(6 U.C. 

Send - 0.9 no E.S. 
< 1.5 U.C. 

BED DEPTH (Inches) Anthracite - IB 

Sand - IB 

Send - 80 

APERATtON Dounflou UpflOH 

SUPERFICIAL FLOU RATE (Rpq/ft^) 1.15 3 - 5 

BACXUASH 

TYPE Intenalttent Continuous 

RAYE (X of Applied Flou) 21.0 5 - 7 

CRASS-SECTlOHAL AREA (ft^) 0.09 30.5 

DIAMETER (ft) 0.33 7 

HATES! 

lal - Valuas s<vtn ara avaragaa obtained from tha Treatability Study laeulta cited In Tebla B-3 In 
Appendix B. 

[bl Valuea given repreaent respective design values given In Tebla 3-Z. 

IcJi - Taken fron Table.B-S In Appendix B. 
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3.4 Activated Carbon Coluinn Treatment 

Design parameters for the activated carbon column treatment process are given in 
Table 3-4 for both the on-site pilot-scale work and the full-scale system design. 
Respective treatability results used are given in Appendix B as taken from the treatability 
study report [1]. 

As with Fe and Mn influent concentrations, the data show that the average influent 
concentrations given for naphthalene and phenolics for the pilot testing are very similar 
to the estimated full-scale treatment system design values. Based on treatability study 
results [1], naphthalene and phenolics are expected to break through first and at basically 
the same rate, in terms of exceeding respective targeted NPDES permit requirements. On 
this basis, the carbon exhaustion rates measured for naphthalene and phenolics during the 
pilot-scale testing are directly applicable to the full-scale system design. As given in 
Table 3-4, these values are 0.0014-0.0018 lb. phenolics/lb. carbon and 0.047 lb. 
naphthalene/lb. carbon. Using published isotherm data [5] and the respective pilot-scale 
influent concentrations given in Table 3-4, the carbon exhaustion rate for phenol is given 
at 0.0026 lb. adsorbed per lb. carbon and 0.096 lb. adsorbed per lb. carbon for 
naphthalene. These empirically computed rates are just slightly higher than those 
determined from the pilot-scale testing for the reason that the isotherm data used are 
based on single solute adsorption with the lower pilot-scale results due to competition 
from other solutes present in the groundwater for available adsorption sites. Relating the 
pilot-scale numbers to the respective design influent concentration values gives 0.097-0.125 
lb. carbon/1000 gallons treated for phenolics and 0.084 lb. carbon/1000 gallons treated for 
naphthalene. In terms of strict quantifiable numbers, it is expected that carbon usage will 
be determined by the lower range for phenolics. However, the respective carbon usage 
estimate based on naphthalene is too close for a definite determination to be made. 
Due to the variability associated with the influent concentrations of phenolics and 
naphthalene (based on treatability and quarterly monitoring results), it can only be 
estimated that the yearly carbon usage will be somewhere between approximately 6,200 
pounds to 9,200 pounds at the specified total design flowrate of 140 gpm. 
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TABLE 3-4 

ENGINEERING DESIGN BASIS FOR ACTIVATED 
CARBON COLUMN TREATMENT 

PARAMETER PILOT-SCALE 
(Haasurad) 

FULL-SCALE 
(Caleulatad) 

DESIGN FLOW RATE 

(spa) 

TEARir PLOW 

(Nilliana of Gallcna) 

INFLUENT PNENOLICS CONCENTRATION (ns/L) 

INFLUENT NAPHTHALENE CONCENTRATION (us/D 

0.1 

0.013 

0.022 (a) 

341 la] 

140 

18.72 

73.6 

0.021 Ibl 

471.3 lb] 

""IT jHIHIi WWPITtffis 

MEDIA TTPE Actlvatad Carbon 

MESH SIZE 12 X 40 

OPERATION DowiflcH 

DENSITT OF CARSON (Iba./ft^) 

SIZE STSTEM (Iba.) 

TOTAL BED DEPTH (ft) 

DIAMETER (ft) 

CROSS-SECTIONAL AREA (ft') 

SUPERFICIAL FLOU RATE (gpa/ft') 

BAOOIASH Intanalttent 

EMPTY BED CONTACT TIME (nlnutaa) 

CARBON EXHAUSTION (FIrat Collfln) 

NPDES SAMPLING (Laat Colmn) 

27.5 

9.4 

10.0 

0.21 

0.034 

2.9 

7.5 Ml 

25.0 te] 

Actlvatad Carbon 

a X 30 

Dounflou 

27.5 

10,000. to] 

10.0 (5 ft. par colum) 

6 

28.3 

4.95 

Intamlttant 

7.6 If] 

15.2 (si 

fOR WW 

PNENOLICS REMOVED (Iba/yr) 

PNENOLICS LOAOINO (hi 

(Iba/.lb Carbon) 

(Iba Carbon/1000'gallona) 

PNENOLICS CARSON USAGE RATE (Iba/yr) 

NAPNTHALENE REMOVED (Iba/yr) 

NAPHTHALENE LQADINO [h] 

(Iba/lb Carbon) 

(Iba Carbon/IOOO sallona) 

NAPNTHALENE CARBON USAGE RATE (Iba/yr) 

0.0014 - 0.0018 

0.103 - 0.133 

NA 

0.047 

0.096 

NA 

12.9 

0.0014 - 0.0018 

0.097 - 0.125 

7,166 - 9,213 

289 

0.047 

0.084 

6,182 
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TABLE 3-4 cont. 

ENGINEERING DESIGN BASIS FOR ACTIVATED 
CARBON COLUMN TREATMENT 

NOTES; 

Ca] - Values given are averages obtained from the Treatability Study Results cited in Table B-3 in 
Appendix B. 

[b] - Velues given represent respective design values given in Table 3-2. 

[c] - Represents two (2) 5,000 pound units in series. 

[d] - Represents value for Column 1 as shown in Figure B-1 in Appendix B. 

[e] - Represents vslue for Coluins 1 through 3 as shown in Figure B-1 in Appendix B. 

[f] - Represents value for Cotum 1 as shown in Figure 4-1. 

[g] - Represents value for Colunns 1 and 2 as shown in Figure 4-1. 

[h] - Taken from Table B-5 in Appendix B. 
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With regard to unit sizing, three factors need to be considered in determining the 
appropriate size for the carbon system. These include: (i) an economical carbon 
exhaustion rate, (ii) maintaining a minimum Empty Bed Contact Time (EBCT) of 1'5 
minutes, and (iii) having a superficial flowrate between 3 to 5 gpm/ft^. The EBCT is 
especially critical because it determines the amount of carbon based on flow alone; thus, 
it determines the number of in-series columns required. Based on these constraints, it is 
shown in Table 3-4 that a 10,000 pound (two-5,000 pound units in series) carbon system 
is adequate at a carbon usage rate of 6,200 to 9,200 pounds per year. With two carbon 
units in series, carbon utilization efficiency will approach 100%. This is because only the 
carbon in the lead absorber is changed and the order of flow between the two columns 
is reversed after each carbon change. The expected operating pattern would be to change 
the carbon in the lead 5,000 pound carbon unit and switch the flow order on the average 
of once every 10 months or once every 6.5 months, respectively. With this frequency, 
adequate timing is provided to arrange for delivery of fresh carbon. Thus, assuring final 
efiQuent quality will never exceed the NPDES limitations. 

In practice, a minimum EBCT of no less than 15 minutes is designed into an 
activated carbon adsorption system. EBCT is determined by calculating the time required 
to pump an amount of water equivalent to the volume of the carbon. The on-site pilot 
study demonstrated that a 7.5 minute EBCT for colunm 1 was capable of adsorbing the 
chemicals-of-interest at an economically feasible rate. Thus, a design EBCT of 15 minutes 
yields a conservative design basis. For the full-scale carbon unit specified, the first in 
series 5,000 pound column will have design EBCT of approximately 7.5 minutes and a 
total system EBCT of approximately 15 minutes. 

With regard to superficial flowrate, a range of 3-5 gpm/ft^ is the proper design for 
a downflow packed bed activated carbon adsorption system [6]. Superficial flowrate is 
determined by dividing the total flowrate (gpm) by the cross-sectional area of the 
contactor (ft^). A range for the contactor diameter can be calculated by determining the 
cross-sectional area required over the superficial flow range. The calculated diameter 
range is 6-8 ft. diameter. On this basis, 6 ft. diameter columns are chosen for design. 
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4.0 TREATMENT SYSTEM DESCRIPTION 

This section describes the treatment system process train, identifies the major 
equipment items with associated O&M requirements, and provides a proposed schematic 
layout for the building which is to house the treatment system. 

4.1 General Description 

A conceptual schematic diagram of the proposed treatment system is given in 
Figure 4-1. As shown, pumped groundwaters from wells W23, W420 and W421 will be 
combined by means of a 1200 foot underground connecting pipe as previously shown in 
Figure 2-1. This connecting pipe will be buried and run from the W23 location to the 
W420/W421 location and will require passing underneath a four lane highway. Initial 
engineering evaluation indicates that this line will be 3-4 inches in diameter with an 
adequate pumping head already available from the existing groundwater pump at W23. 
The treatment system will be located in the vicinity of the existing W420/W421 pump 
house. 

The combined influent from W23, W420 and W421 will pass through an in-line 
static mixer (SM-1) where potassium permanganate (KMnO^) will be added via a 
chemical feed system (CFS-1) at a ratio of 1:1 for iron and 2:1 for manganese to provide 
chemical oxidation of these two reduced metals. This chemical oxidation step will cause 
the soluble metals of interest to precipitate, forming insoluble suspended particulate 
matter. These waters will then pass on to a continuous backwashing type sand filter 
where the particulates wiU be removed via upflow packed bed filtration. At this time, it 
is proposed that the Parkson Corporation, Inc. DynaSand filter (Model DSF38) be used. 
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FIGUei 4-1 
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The DynaSand filter has several operating advantages for this application over a 
conventional downflow type filter with intermittent backwash. These include: 

(1) Continuous Operation - no need to intermittently stop 
operations for backwashing cycles. 

(2) Simplicity - no moving parts which would require operator 
attention. 

(3) Elimination of Auxiliary Equipment - no need for pumps, 
tanks, valves and instrumentation associated with backwashing. 

(4) Minimal Space Requirement - smaller foot print than that 
associated with conventional downflow packed bed sand filters. 

(5) Low Power Consumption - gravity feed or low pressure feed 
pump and small air compressor are all that is required for 
operation. 

(6) Minimal Reject - a relatively small reject stream, 5-7% of total 
feed stream, is continuously bled from the filter. This permits 
easier handling and discharge to sanitary sewers than 
conventional downflow filters, which require intermittent 
backwashing rates 3-4 times that of the total process rate, thus, 
necessitating the need for a backwash bleed tank to minimize 
hydraulic surges to sanitary sewers. 

During October 26, 1989, through November 6, 1989, a 40 gpm pilot test of a 
DynaSand filter was performed at the St. Louis Park site treating a flow proportioned 
volume of wells W420 and W421. Results of this testing support the efficient^ of using 
a DynaSand filter to remove precipitated iron and manganese from the groundwater prior 
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to carbon adsorption. A detailed report of the on-site pilot-scale filtration testing is given 
as Appendix C. 

For the full-scale treatment system, effluent from the DynaSand filter will continue 
on to a booster pump (P-1) which will feed a downflow packed bed activated carbon 

treatment system (AC-1/2). The activated carbon will remove organic chemicals-of-interest 
(i.e., phenolics and PAHs ) to levels below targeted NPDES discharge requirements. Such 
an activated carbon system is a standard package design supplied by various 
manufacturers. The specific system identified for the St. Louis Park site will consist of 
two-5,000 lb. carbon units in series. This system is capable of treating the entire flow 
stream of 140 gpm, and should possess the ability to add or remove activated carbon in 
a slurry and provide backwashing if needed along with switching flow direction between 
units. With regard to backwashing, treated effluent will be stored in a 7,000 gallon 

capacity backwash water supply tank (T-1) with backwash supply water provided to either 
carbon unit via a 600 gpm backwash water supply pump (P-2). Backwash water from the 
carbon system will be directed into a 7,000 gallon capacity backwash holding tank (T-
2). This backwash water will be bled back into the treatment system at a flowrate of 
approximately 3 gpm via a bleed pump (P-3). Treated effluent from the activated carbon 
column treatment system will be directed into a storm sewer. 

4.2 Major Equipment Items 

The major pieces of equipment cited in Figure 4-1 are further described in Table 

4-1. Manufacriirer's brochures and related information for the DynaSand filter and the 
activated carbon system are provided in Appendix D. 

The general specifications of the major equipment items cited in Table 4-1 are 
based on the design basis given in Section 3.0 as derived from treatability study results 
and respective manufacturer's design information. The O&M requirements given relate 
to KMnO^ and carbon usages along with electrical utility requirements to help estimate 

O&M costs associated with the full-scale system. Not included with this major equipment 
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TABLE 4-1 

SUMMARY OF MAJOR EQUIPMENT AND UTILITY 
REQUIREMENTS FOR FULL-SCALE SYSTEM 

I.D. NUMBER [a] DESCRIPTION GENERAL SPECIFICATION OBN REQUIREMENTS [b] 

PR^THEATMENT WITH POTASSIUM PERMANGANTE AND SAND FILTRATION 

CFS-1 

SM-1 

DSF38 

KMnO^ Chemical Feed 
System 

In Line Static Mixer 

Sand Fliter 

C-1 Air Compressor 

ACTIVATED CARBON COLUMN TREATMENT 

P-1 Booster Puip 

AC-1, AC-2 

P-2 

T-1 

T-2 

P-3 

Carbon Columns 

Backwash Supply Puip 

Backwash Supply Tank 

Backwash Holding Tank 

Backwash Bleed Punp 

7,000 gallon tank with 
mixer and metering 
pump. 

UO GPM. 

DynaSand continuous 
backwasing filter with 
sand media of 0.9 lan 
Effectiva Size and 
< 1.5 Uniformity 
Coeffiecient. 

6 SCFM a SO PSI, 2 
Stage, 1-1/2 HP, 3 
Phase, 230/A60 Volt. 

140 GPM a 25 PSI, 
Centrifugal, 5 HP, 3 
Phase, 230/460 Volt. 

2 - 10,000 lbs. units 
in series with backwash 
capability, 7< x 14> 
(diameter x height) 
with a 9'6" bed depth. 

600 GPM a 25 PSI, 
Centrifugal, 15 HP, 3 
Phase, 230/460 Volt. 

7,000 gallon capacity. 

7,000 gallon capacity. 

5 GPM a 25 PSI, 
Centrifugal, 3 HP, 3 
Phaae, 230/460 Volt. 

1,473 pounds KMn04 per 
year. 

NA 

10 gpm reject stream to 
sanitary sewer (POTU). 

1.2 Kilowatt/hr 

3.7 Kilowatt/hr 

6,200 - 9,200 pounds 
per year, [c) 

11.2 Kilowatt/hr 

NA 

NA 

2.2 Kilowatt/hr 

NOTES; 

[a] - Refar to Figures 4-1 and 4'2. 

(U - Refers to Chemical, Carbon and Utility Requirements, 

[c] - Taken from Table 3-4. 

NA - Not Applicable 
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list are miscellaneous items such as related flow meters, valves, alarms and operational 
and NPDES permit monitoring equipment. 

4.3 Building Requirements 

The area required to house the entire proposed treatment system is a two-story 
brick building approximately 30 ft. x 35 ft. in floor size. A suggested layout for the 
treatment system is shown in Figure 4-2. 
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FIGURE 4-2 
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5.0 OPERATIONAL AND PERMIT MONITORING 
CONSIDERATIONS 

Routine water quality monitoring of the proposed treatment system is needed to 

provide for efficient operation and to meet permitting requirements. 

Operational monitoring relates to sampling of the sand filter and the activated 

carbon process for respective indicator parameters. The influent and effluent of the sand 

filter should be checked on a weekly or bi-weekly basis for pH, iron and manganese. For 

iron and manganese, simple colormetric test strips can be used to provide an indication 

as to the operational efficiency of the chemical oxidation/sand filtration process. Related 

to the activated carbon process, the influent (i.e., sand filter effluent) and effluent of the 

first in-series carbon column should be sampled on a monthly basis and analyzed for 

phenolics (4-AAP) and naphthalene (HPLC). It was determined from the treatability 

study [1] that of the site groundwater chemicals-of-interest, phenolics and naphthalene are 

the two organics expected to break through first and thus determine carbon exhaustion. 

Monitoring of lead column for these two parameters will provide a relatively inexpensive 

method of determining when carbon exhaustion has occurred and replacement is needed. 

The second in-series column will continue to provide treatment until the spent carbon in 

the first column is replaced. When replacement has occurred, the second in-series column 

will serve as the first in-series with the column containing the newly replaced carbon 

serving as the second in-series colunm. Thus, the NPDES treated effluent will always be 

fi-om the column containing the most recently replaced carbon. In addition to water 

quality monitoring, daily inspection should be made related to flowrates and pressure 

across the treatment system. 
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Two streams from the treatment system will require permit sampling. One is the 
carbon column effluent which will be discharged to Minnehaha Creek under an NPDES 
permit. Table 5-1 summarizes the projected effluent quality based on treatability study 
results [1]. As cited, the effluent should contain near or less than detectable 
concentrations of conventional parameters, nutrients and metals; and less than detectable 
concentrations of the St. Louis Park - PAH list at a reporting limit of 0.01 ug/L. Thus, 

it is expected that the treatment system will be able to meet all targeted NPDES 
requirements. This is based on the fact that the on-site pilot unit column 2 effluent, 

operated at an EBCT of 15 minutes, contained non-detectable levels of phenolics and 
PAHs just as the column 3 effluent. Thus, it can be inferred that the water quality of 
columns 2 and 3 are similar and representative of the water quality which will be achieved 
in the full-scale system operating at a total EBCT of 15 minutes. 

The second stream which will require permitting is the continuous sand filter 
backwash flow. It is anticipated at this time, that this 7 to 10 gpm flowrate will be 
discharged into the Minneapolis/St. Paul Metropolitan sewer system (i.e., POTW 
discharge). Analytical results of the sand filter backwash of the pilot unit are given in 
Table 5-2. Based on these results, this stream represents a low organic loading in terms 

of PAHs, and BOD5. Further supporting this is the fact that a sample of filtered 
backwash solids from the pilot-scale sand filter unit contained non-detectable 
concentrations of the St. Louis Park - PAH list [1]. These results are to be considered 
preliminary in nature and not truly representative of backwash water quality from a full-

scale DynaSand Filter. Additional monitoring of the backwash stream from the DynaSand 
pilot test was done to further characterize this flow. Specific parameters analyzed include 

pH, suspended solids, iron, manganese, chemical oxygen demand, phenolics (4-AAP), and 
the St. Louis Park PAH list. See Appendix C for a report of procedures and results 

available at this time. Any outstanding analytical results will be distributed once they are 
available. 
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TABLE 5-1 

PROJECTED EFFLUENT QUALITY 

PARAMETERS 

CONVENTIONAL (mg/L): 
PhenolIcs (4-AAP) 
pH (units) 
Total Dissolved Solids 
Total Suspended Solids 
Biochemical Oxygen Demand 
Chemical Oxygen Demand 
Total Organic Carbon 
Oil and Crease 
Hardness (as CaC03) 
Dissolved Oxygen 

NUTRIENTS (ll«/L): 
Orthophosphate as P 
Amnonia Nitrogen as N 
Nitrite as N 
Nitrate as N 

METALS (mg/L): 
Iron-Total 
Manganese-Total 

PROJECTED EFFLUENT 
QUALITY 

<0.010 
7.5 -7.8 
560 - 730 
< 1.00 
< 1.00 
<10 • 28 
<1 - 5.26 
< 6.00 
443 - 475 
> 2.0 

<0.010 
< 1.00 
<0.020 
<0.020 

<0.100 
0.034 - 0.691 

PARAMETERS HO. OF 
PAH RINGS 

POTENTIAL CARCINOGENIC PAH (ug/L): 
Quinoline 
Benzo(a)anthracene 
Chrysene 
Benza(b)fluoranthene 
Benzo(k)fIuoranthene 
Benzo(a)pyrene 
Indeno(1,2,3-e,d)pyrene 
0 i benzo( a, h )anth racene 
Benzo(g,h,i)perylene 

Total Detectable 

OTHER PAH (ug/L): 
2,3 - Benzofuran 
2,3-Dihydroindene 
Indene 
Naphthalene 
Benzo(b)thicphene 
Indole 
2-Methylnaphthalene 
1-Methylnaphthalene 
Biphenyl 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Dibenzothiophene 
phenanthrena 
Anthracene 
Acridine 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(e)pyrene 
Perylene 

PROJECTED EFFLUENT 
QUALITY 

< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

0.0 

< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

I Total Detectable 0.0 

Note: < • represents less than detectable concentrations. 
Data taken from the St. Louis Park Treatability Study Report. [1] 
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TABLE 5-2 

PROJECTED SAND FILTER BACKWASH WATER QUALITY 

PARAMETERS 

ISSSSSSSSSSBBBSSESSSBC 

CONVENTIONAL (mg/L): 
Total Suspended SolIda 
Total Organic Carbon 
Biological Oxygen Demand 

PAH by HPLC (ug/L): 
Carbazole 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzol b) f luoranthene 
Benzolk)fIuoranthene 
Benzola)pyrene 
D1benzola,h)anthracene 
Benzols,h, Dperylene 
Indenol1,2,3-c,d)pyrene 

I Total Detectable PAH 

PROJECTED BACKWASH 
WATER QAULITY 

2270 * 
101 * 

9.15 * 

< 2.00 * 
462 * 

< 2.00 • 
10.9 * 
9.23 * 
6.99 * 

< 0.500 * 
< 0.200 * 
< 0.200 * 
< 0.020 * 
< 0.150 • 
< 0.020 * 
< 0.020 * 
< 0.020 * 
< 0.030 • 
< 0.050 • 
< 0.050 • 

489 

Resources. 
Treatability Study 

Note: Analyses by Keystone Envlronmenta 
Data taken from the St. Louis Par 
< - Represents less than dectable concentrations. 
* - Note these values represent a convential downflow 

filter backwash, this table will be updated upon 
receipt of the DynaSand Pilot Test analytical results. 

eport. [1] 
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APPENDIX A 

FLOW AND WATER QUALITY DATA FOR 
WELLS W23/W420/W421 BASED ON 

QUARTERLY MONITORING 

TABLE A-1: WELL FLOW DATA 

TABLE A-2: W23 WATER QUALITY DATA 

TABLE A-3: W420 WATER QUALITY DATA 

TABLE A-4: W421 WATER QUALITY DATA 



TABLE A-1 

WELL FLOW DATA 

W23 

PRAIRIE DU CHEIN 
JORDAN 

W420 

DRIFT 

W421 

PLATTEVILLE 

DATE AVERAGE TOTAL AVERAGE TOTAL AVERAGE TOTAL 
(MONTH • YEAR) (GPM) (im GAL.) (GPM) (nn GAL.) (GPM) (mm GAL.) 

NOV 87 40 1.48 
DEC 64 4.33 
JAN 88 64 7.20 30 0.85 31 0.91 
FEB 63 9.90 30 2.10 30 2.14 
MAR 61 12.50 30 3.40 30 3.40 
APR 62 15.30 31 4.70 30 4.70 
NAY 58 17.80 30 6.00 30 5.00 
JUN 23 18.90 40 7.80 32 7.40 
JUL 70 21.90 48 9.80 31 8.70 
AUG 73 25.10 41 11.70 31 10.10 
SEP 76 28.50 40 13.40 31 11.50 
OCT 55 31.00 40 15.20 28 12.70 
NOV 52 33.30 40 16.90 28 13.90 
DEC 53 35.50 43 18.70 29 15.10 
JAN 89 50 37.60 44 20.60 28 16.30 
FEB 51 39.80 44 22.40 27 17.40 
MAR 50 41.90 44 24.30 27 18.60 
APR 52 44.20 43 26.20 28 19.80 
MAY 53 46.50 44 28.00 27 20.90 
JUN 52 48.80 44 30.00 28 22.10 
JUL 53 50.10 46 31.90 40 23.80 
AUG 53 46 45 
SEP 53 45 47 

STATISTICAL EVALUATION OF AVERAGE MONTHLY FLOUS FROM UELLS FOR 1987 THROUGH 1889 

MONTHLY FLOU CGPM) U23 U420 U421 TOTAL 

AVERAGE 56 40 31 127 
MAXIMUM 76 48 47 171' 
MINIMUM 23 30 27 80 
L9SX 51 37 29 117 
UP95X 60 43 34 137 

Engineering Evaluation Report for 
Treatment of Pumped Groundwaters 
at St. Louis Park, Minnesota 



TABLE A-2 

W23 WATER QUALrFY DATA 

PRRXRXE DU CHXEN/JORDRN <U2S> <ug/l> 

SnnPLE NO. 
SRHPLE DRTE 
LRBORRTORV 

NR84B 
11/11/87 

ERT 

48848 
11/11/87 

ERT 

81818,24,28 
1/18/88 

ERT 

88387-2 
3/1/88 

RHR 

848-02 
8/28/88 

RNR 

1818-01 
8/21/88 

2872-01 
11/30/88 

88120878 
12/28/88 
KEVS70NE 

3187-01 
12/28/88' 

RHR 

4100-01 
3/28/88 

8880-01 
'8/28/88 

RUO 

SrRTISrXCRL EURLURTXON 
8RSED UPON 

DETBCTR8LE QURNTirXES 

NRX nXN L88« U8B« 

CRRCXNOBENS 
Qulnolln* 
8*nse <«> anfehracvn« 
Chrgsan* 
RanBof1uoranthpnas 
Ranee <a> pgrana 
Xndano<l,2,3-ed> pgrana 
Olbance <a,h> anthraeana 
Ranso <ghi > pargiana 

TOTRL 

OTHER PRH 
2,3-8anzofuran 
2,3-Dghgdrei ndana 

Naphthalana 
Ranee <b> bhiephana 
Xndela 
2-nathglnaphthalana 
^^athgl naphthal ana 
^^khangl 
^•bnaphthgl ana 
Rcanaphthana 
01baneefuran 
Fluerana 
Dlbaneethlephana 
Phananthrana 
Rnthracana 
Rcrldlna 
Carbaeela 
Fl'ueranthana 
Pgrana 
Ranee Ca> pgrana 
Parglana 

TOTRL 

<ng/l> OTHER PRRRNETERS 
Oil 8 Oraaaa 
Phaneli cs 
TSS 

CUnULRTXUE PURPROE 
<niliions of Oallens> 

Netat < - Xndieatas laaa than 
NR - Net iRnalgead. 
NO - Net Datactad. 

datactabla 

0.28 

eeneantrati ena. 

8 
0.01 

2 

8.82 8.87 18.88 

2.8 < 2.8 < 10 < 8.8 < 8.8 
3.1 < 3.1 < 10 < 8.8 < 8.8 
3.1 < 3.1 < 10 < 8.8 < 8.8 

10 < 10 < 10 < 8.8 < 8.8 
2 < 2 < 10 < 8.8 < 8.8 

2.4 < 2.4 < 10 < 8.8 < 8.8 
2 < 2 < 10 < 8.8 < 8.8 
2 < 2 < 10 < 8.8 < 8.8 

0 0 0 0 0 

10.8 10.8 3 1.3 < 10 
80.2 48.8 23 IS 14 
81.1 82.8 18 7.3 4.8 > 138 > 130 180 70 7.8 
31.7 31.8 18 7.4 3.2 < 2.7 < 2.7 < 10 < 8.8 < 8.8 
80.4 81.4 10 4.2 2.8 
83.8 86.3 22 12 8.8 
14.4 18.4 7 4.3 3.8 
7.4 8.1 8 3.3 2.8 

38.8 40.8 28 17 18 
24.2 28.8 11 6.7 8.4 
28.8 28.1 18 12 12 < 3.1 < 3.1 2 1.4 1.3 
33.8 32 22 14 14 

4 4.1 3 1.8 1.8 < 3.4 < 3.4 < 10 < 8.8 < 8.8 < 2.7 < 2.7 7 3.2 2.8 
8.2 8.3 8 8.8 8.2 
8.2 8.4 8 4.8 4.4 < 2.8 < 2.8 < 10 < 8.8 < 8.8 < 2.8 < 2.8 < 10 < 8.8 < 8.8 

> 867 > 888 382 181.8 111.1 

27.41 

< 
< 
< 
< 
< 
< 
< 
< 

1 NR < 10 8.4 < 10 NO NO NO NO NO 
1 0.238 < 10 8.4 < 10 0.238 0.238 0.238 0.238 0.238 
1 0.283 < 10' 8.4 < 10 0.283 0.283 0.283 0.283 0.283 
1 0.024 < 10 8.4 < 10 1 0.024 0.024 0.024 0.024 0.024 
1 0.028 < 10 8.4 < 10 : 0.028 0.028 0.028 0.028 0.028 
1 < 0.08 < 10> 8.4 ' < 10 NO NO NO NO NO 
1 < 0.03 < 10 8.4 < 10 NO NO NO NO NO 
1 < 0.08 < 10 8.4 < 10 1 NO NO NO NO NO 

0 0.87 0 0 0 ' 0.B70 0.870 0.870 0.870 0.870 

< 

< 

< 
< 

1 
8.8 
2.3 

18 
3.8 

1 
2.4 

8 
2.1 
1.7 
8.3 
4.7 
7.8 

1 
8.3 
1.1 

1 
1.8 
2.8 
2.8 

1 
1 

80.7 

33.18 38.24 

NR < 10 < 8.4 < 10 8.8 10.8 1.3 0.0 13.6 
NR 12' 18 - 14 22.8 80.2 8.6 10.8 34.2 
NR 2.8 3.1 3.2 18.3 82.8 2.3 O.l 38.8 

28.8 34 28 28 88.1 180.0 7.8 23.2 108.0 
NR 4.4 4 4.3 11.7 31.7 3.2 3.1 20.3 
NR < 10 < 8.4 < 10 NO NO NO NO NO 
NR 3.4 3.8 3.8 14.8 81.4 2.4 0.0 28.8 
NR 7.7 8.3 8.2 20.4 88.3 6.0 8.8 38.O 
NR 2.8 2.8 2.7 8.2 18.4 2.1 2.4 8.8 

18.2 2.4 2.3 2.8 8.1 18.2 1.7 2.2 7.8 
21.4 12 14 13 20.7 40.8 8.3 13.1 28.3 

NR 8.1 8.3 8.1 10.8 28.8 4.7 4.3 16.8 
8.3 8.8 11 11 14.4' 26.8 7.8 8.6 18.1 

NR 1.2 1.3 1.2 1.4 2.0 1.2 1.1 1.7 
8.8 12 11 11 18.8 33.8 8.3 10.8 23.0 
1.8 1.8 1.4 1.8 2.2 4.1 1.1 1.8 2.8 

NR < 10 < 8.4 < 10 NO NO NO NO NO 
2.8 2.2 2.1 2.1 2.8 T.O 1.8 1.8 4.3 
2.8 8.2 4.8 4.8 8.4 8.3 2.8 4.1 8.7 

2 4.4 4.2 4.2 4.4 8.4 2.O. 3.8 8.3 
NR < 10 < 8.4 < 10 NO NO NO NO NO 
NR < lO < 8.4 < 10 NO NO NO NO NO 

83.8 123.1 120.2 117.8 234.8 888.0 80.7 103.8 388.3 

0.008 8 8 8 8 8 
0.010 0.010 0.010 0.010 0.010 

2 2 2 2 2 

38.24 41.72 48.88 

Engineering Evaluation Report for 
Treatment of Pumped Groundwaters 
at St. Loula Park, Minnesota 



TABLE A-3 

W420 WATER QUALITY DATA 

DRIFT SCU <U420> <uo/l> 

181S-02 ft 31«T-02 ft 5S9<<6-02 ft 60034-01 ft 
STRTISriCRL EORLUnriON 

BASED UPON 
SRNPLE NO. 51S34 59387-6 648-03 59680-01 2872-02 58818-01 88120876 41O0-02 5560-02 DETECTRBLE QURNTITIES 
SRHPLE DRTE l/lB/88 3/1/88 6/28/88 8/21/88 11/30/88 12/28/88 12/28/88 3/28/88 6/28/88 
LRBORRTORV ERT RNR RNR RNR RNR RNR KEVSTONE RNR RNR RUO NRX niN L85X U851! 

CRRCINOOENS 
Qui noli no < 2.8 < 100 < 8.5 < 189 < 100 < 10 NR < 8.4 < 2O0 ND ND ND NO ND 
Bonze <o> onthrocono < 3.1 < 100 < 8.5 < 188 < 100 < 10 < 0.02 < 8.4 < 200 ND ND ND ND NO 
Chrgson* < 3. 1 < 100 < 8.5 < 188 < 100 < 10 < 0.15 < 8.4 < 2O0 ND ND ND ND ND 
BonzoTluoronthonos < 10 < 100 < 8.5 < 188 < 100 < 10 < 0.02 < 8.4 < 200 ND ND ND ND ND 
Bonzo <«> pgrono < 2 < 100 < 8.5 < 188 < 100 < 10 < 0.O2 < 9.4 < 2O0 ND NO ND NO ND 
Indono CI,2,3-cd> pgrono < 2.4 < 100 < 8.5 < 188 < 100 < 10 < 0.05 < 8.4 < 200 ND ND ND ND ND 
D1bonzo Co,h> onthrocono < 2 < 100 < 9.5 < 188 < 100 < 10 < 0.03 < 8.4 < 2O0 ND ND ND ND ND 
Bonzo Cghl> porglono < 2 < 100 < 8.5 < 188 < 100 < 10 < 0.05 < 8.4 < 200 ND ND ND NO ND 

TOTRL 0 0 0 0 0 0 0 0 0 ND ND ND NO ND 

OTHER PRH 
2,S-BonroT uron 83 61 56 30 < 100 9.6 NR 21 32 41.8 83.0 9.6 18.8 63.8 
2,3-Dghgdroi ndono 18 120 ISO ISO 130 ISO NR 180 160 127.3 180.0 18.0 88.4 165.1 
Xndono 65 380 330 180 120 74 NR 230 250 203.6 380.0 65.0 113.2 284.0 
Nophtholono > 2400 2500 2600 1700 500 730 626 1500 2400 1661.8 2600.0 500.0 1034.6 2288.8 
Bonzo Cb> thlophono 2T 170 160 110 < 100 71 NR 88 150 112.3 170.0 27.0 67.8 156.8 
Indolo < 2.7 < 100 < 8.5 < 189 < 100 < 10 NR < 8.4 < 200 ND ND ND NO ND 
2-nothglnaphthalono 24 170 150 88 < 100 13 NR 80 87 87.4 170.0 13.0 37.6 137.3 
l-Nothglnaphthalono 25 130 110 82 < 100 37 NR 100 110 84.9 130.0 25.0 50.8 118.8 
Bi phongl 25 25 20 < 188 < 100 6.4 NR 14 21 18.6 25.0 6.4 11.7 25.5 
Rconaphthglono < 2.5 < 100 < 8.5 < 188 < 100 < 10 61.7 < 8.4 < 200 61.7 61.7 61.7 61.7 61.7 
Rconaphthono 84 110 82 68 < 100 33 34.1 68 80 73.8 110.0 33.0 51.6 95.8 
01bonzofuran 36 34 32 25 < 100 6.8 NR 23 32 27.0 36.0 6.8 IB.4 35.6 
F1uorono 26 31 28 22 < 100 6.8 6.8 22 30 21.7 31.0 6.8 14.0 28.4 
01bonzothlophono < 3.1 < 100 1.4 < 188 < 100 < 10 NR 2.2 < 200 1.8 2.2 1.4 O.O 5.4 
Phonanthrono 11 IS 15 < 188 < 100 3.5 3.4 11 < 200 9.8 15.0 3.4 4.8 14.8 
Rnthracono < 2.3 < 100 < 8.5 < 188 < 100 < 10 < 0.5 < 8.4 < 200 ND ND ND NO ND 
Rcrldlno < 3.4 < 100 < 8.5 < 188 < 100 < 10 NR < 8.4 < 200 ND ND ND NO ND 
Carbazolo 57 56 55 42 < 100 27 INTRFRNC 38 56 47.4 57.0 27.0 37.5 57.4 
F1uoranthono < 2.2 < 100 < 8.5 < 188 < 100 < 10 < 0.2 < 8.4 < 200 ND ND ND ND ND 
Pgrono < 2.2 < 100 < 8.5 < 189 < 100 < 10 < 0.2 < 8.4 < 200 ND ND ND ND ND 
Bonzo Co> pgrono < 2.5 < 100 < 8.5 < 188 < 100 < 10 NR < 8.4 < 200 ND ND ND ND NO 
Porglono < 2.6 < 100 < 8.5 < 188 < 100 < 10 NR < 8.4 < 200 ND NO ND NO ND 

TOTRL > 2881 3802 380O 2477 750 1148.1 732 2387 3418 2378.3 3802.0 732.0 1480.6 3276.1 

OTHER PRRRNETERS CHg/l> 
Oil ft Oroaoo 10 10 10 10 10 lO 
Phonol1cs 0.51 0.44 0.33 0.222 0.044 0.041 0.12 0. 128 0.230 O.510 0.041 0.089 0.370 
TSS 8 8 8 8 8 8 

CUNULRTIUE PUNPROE 
<milions of Oallens> 0.3 2.1 7.61 12.88 16.86 18.48 18.48 24.14 28.83 

Not*: < -
NR -
ND -

Indlcfttos 
Not Rn«lgz*d. 
Not D*ct«bl». 

• thftn dotoetoblo concontrotlons. 

Engineering Evaiuation Report for 
Treatment of Pumped Groundwaters 
at St. Louis Park, Minnesota 



TABLE A-4 

W421 WATER QUALITY DATA 

PLftrrEVXLLE SCU CH421> <ug/l> 

SRHPLE NO. 
SRHPLE DRTE 
LRBORRrORV 

CRRCINOOENS 
Bulnell'n* 
B»nco <•> anthr acprip 
Chrgsan* 
BanBofl'uoranthanas 
Banco <a> pgrana 
Indano<l,2,3-cd> pgrana 
D1banco<aph>anthraeana 
Banco <ghl> parglana 

BlBTd 
1/20/BB 

ERT 

2.B 
3.1 
3.1 

10 
2 

2.4 
2 
2 

rOTRL 

OrHER PRH 
2I3-Bancofuran 
2,3-Dghgdroi ndana 
Xndana 
NapMhal ana 
Banco <b> thi ophana 
Xndola 
2-nathgX naphthalana 
l-Nathglnaphthalana 
B1phangl 
Rcanaphthglana 
Reanaphthana 
01 bancof uran' 
F1uorana 
01bancothlophana 
Phananthrana 
Rnthracana 
Rcrldlna 
Carbacola 
FX uoranthana 
Pgrana 
Banco Ca> pgrana 
Pargl< 

rOTRL 

OTHER IPRRRNETERS CHg/l> 
Oil R Oraaaa 
Phanelles 
TBS 

CUHULRTXI/E PURPROE 
<nil'llonB of OallenB> 

S93Br-r 
3/1/eB 

RRR 

lOO 
100 
lOO 
100 
100 
100 
100 
lOO 

< 
< 
< 
< 
< 
< 
< 
< 

64B-04 
e/2«/0B 

RRR 

9.S 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 

IB15-03 R 
59Re0-02 
9/21/S8 

RRR 

95 
95' 
95 

2872-03 
11/30/B0 

318T-OE R 
59B18-02 
12/28/88 

95 

< 
< 
< 
< 
< 
< 
< 
< 

100 
100 
100 
100 
100 
100 
100 
100 

10 
10 
10 
10 
10 
10 
10 
10 

08120977 
12/28/88 
KEVSTONE 

0.02 
0.15 
0.02 
0.02 
0.06 
0.03 
0.05 

59945-03 R 
4100-03 
3/29/B9 

0 0 0 O 0 0 0 

'5 < lOO 1.9 < 95 < 100 1.8 NR 
83 81 120 120 170 180 NR 
59 47 78 81 140 75 NR 

410 270 510 520- 5O0 570 424 
41 42 57 57 < 100 80 NR 

2.7 < 100 < 9.5 < 95 < lOO < 10 NR < 
3 < lOO < 9.5 < 95 < lOO 1.3 NR 

18 15 24 25 < 100 35 NR 
2.8 < lOO 2.2 < 95 < 100 4.1 NR 
2.5 < 100 < 9.5 < 95 < 100 < lO 44.2 < 

10 < 100 15 15 < 100 25 12.5 
2 < lOO 1.4 < 95 < 100 3.7 NR 
3 < 100 1.9 < 95 < 100 4.2 2.9 

3.1 100 < 9.5 < 95 < 100 < 10 NR < 
2.5 < 100 < 9.5 < 95 < 100 1.4 1.2 
2.3 < lOO < 9.5 < 95 < lOO < 10 < 0.5 < 
3.4 < 100 < 9.5 < 95 < 100 1.1 NR 

10 11 15 15 < lOO 23 XNTRFR 
2.2 < lOO < 9.5 < 95 < 100 < 10 < 0.2 < 
2.2 < lOO < 9.5 < 95 < 100 < 10 < 0.2 < 
2.5 < 100 < 9.5 < 95 < 100 < 10 NR < 
2.5 < lOO < 9.6 < 95 < 100 < 10 NR < 
549 555 835 845 910 1105.5 485 

7 
0.07 

1 
0.033 < 0.05 0.O3 0.035 0.033 

0.38 2.14 7.3 11.07 13.89 14.97 14.97 

1.5 
130 
110 
470 
75 
9.4 
1.3 
34 
3.7 
9.4 
22 
3.5 
4.3 
9.4 
1.4 
9.4 

1 
20 
9.4 
9.4 
9.4 
9.4 

877.7 

0.029 

18.49 

50034-02 R 
5550-03 
5/29/89 

STRTXSTXCRL EVRLURTXON 
BRSED UPON 

DETBCTR8LE QURNTXTXES 

RNR RMR RUO 'NRX NXN L952 U95X 

9.4 < SO NO NO NO NO NO 
9.4 < 50 NO NO NO NO ND 

ND 9.4 < SO NO NO NO NO 
ND 
ND 

9.4 < SO NO NO NO NO ND 
9.4 < SO NO NO NO NO ND 
9.4 < so NO NO NO NO ND 
9.4 < so NO NO HO ND NO 
9.4 < so NO NO NO NO ND 

0 NO NO NO ND ND 

SO 2.5 5.0 1.5 0.3 4.8 
140 128.0 180.0 81.0 lOO.O 155.0 
88 85.0 140.0 47.0 54.0 108.0 

530 500.4 570.0 270.0 410.2 590.7 
73 53.5 80.0 41.0 50.1 77.1 
SO NO ND NO ND ND 
SO 1.9 3.0 1.3 -0.1 3.9 
38 27.3 38.0 15.0 19.5 35.0 
SO 3.3 4.1 2.2 1.3 5.4 so 44.2 44.2 44.2 44.2 44.2 
25 18.1 25.0 10.0 12.7 23.4 
50 2.9 3.7 1.4 0.3 5.5 

S.4 3.7 5.4 1.9 2.2 5.2 
SO lOO.O 100.0 100.0 lOO.O 100.0 so 1.3 1.4 1.2 1.1 1.5 so ND ND ND ND ND so 1.1 1.1 1.0 0.5 1.5 
24 15.9 24.0 10.0 12.1 21.5 

ND SO ND ND ND ND 
21.5 

ND 
SO ND ND ND ND ND 
SO ND ND ND ND ND 
SO ND ND ND ND ND 

1024.4 811.1 1105.5 485.0 551.3 950.8 

7 7 7 7 7 
0.025 O.037 0.070 0.025 0.024 0.049 

1 1 1 1 1 

22.03 

Netat < -
NR -
NO' -

Daaignatas 1 
Not Rnalgcad 
Net Datactad 

•mm than datactabla eencantrations. 

Engineering Evaluation Report for 
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TABLE B-1 

CHARACTERIZATION RESULTS FOR SLP-PAH LIST 
(NOVEMBER 30, 1988 GRAB SAMPLES) 

1 PMMETER 1 NELL DISCHARGE 

1 1 WZ3 1 11420 1 U421 i 

1 Reporting Linit (ug/L> 
1 

1 i-o 1 100 1 
1 1 

100 1 
1 
1 POTENTIAL CARCINOGENIC PAH (iig/L)i 
1 

1 
!| 

1 

1 1 
1 1 
1 1 1 

1 Quinollna 
1 
1 NO 

1 1 
1 NO 1 NO 1 

1 8anio(a)anthracana 1 NO 1 NO 1 NO 1 
1 Chrysana 1 NO 1 NO 1 NO 1 
1 tanzo(b)fluoranthena 1 ND 1 NO 1 NO 1 
1 8anio(k)fluoranthtna t NO 1 NO 1 NO 1 
1 Banzo(a)pyrena j NO 1 NO 1 NO 1 
1 Indeno(1,2,3-e,d)pyrana 1 NO 1 NO 1 NO 1 
1 Dibenz(a,h)anthracana 1 NO 1 NO 1 NO 1 
1 Benzo(g,h,l)parylena 1 NO 1 NO 1 NO 1 

1 Total Datactablo 1 0 1 0 1 0 1 

1 
1 OTHER PAH Cuo/L); 
1 

1 
1 
1 

1 1 
1 1 
1 1 1 

1 2,3 Banzofuran 
1 1 •«> 1 i 

1 NO 1 NO 1 
1 2,3-dihydroIndana 1 a.« 1 130 1 170 1 
1 Indena 1 2.3 1 120 1 140 1 
1 Naphthalana 1 16.0 1 300 1 600 1 
1 Banzo(b)thlophtna 1 3.8 1 NO 1 NO 1 
1 Indola 1 NO 1 NO 1 NO 1 
1 2-Nathylnaphthalana 1 2.4 1 NO 1 NO 1 
1 l-Mathylnaphthalano 1 i.O 1 NO 1 NO 1 
1 Blphenyl 1 2.1 1 NO 1 NO 1 
1 Aeanaphthyleno 1 1-r 1 NO 1 NO 1 
1 Aeanaphthano 1 '-3 1 NO 1 NO 1 
1 DIbenzofuran 1 1 NO 1 NO 1 
1 Fluorana 1 r.s 1 NO 1 NO 1 
1 Dlbenzothlophana 1 NO 1 NO 1 n 1 
1 Phananthreno 1 S-3 1 NO 1 NO 1 
1 Anthracene 1 1-1 1 NO 1 NO 1 
1 Acrldino 1 NO 1 NO 1 NO 1 
1 Cartaazolo 1 1-3 1 NO 1 NO 1 
1 Fluoranthano 1 2.9 1 NO 1 NO 1 
1 Pyreno 1 2.3 1 NO 1 NO 1 
1 Banzo(a>pyrana 1 NO 1 NO 1 NO 1 
1 Parylena 1 NO 1 NO 1 HO 1 

1 Total Datactablo 1 80.7 1 no 1 910 1 

Note: Analysaa by RNAL 
NO - Hot Dotaetablo In toraa Of raportlng United cited. 
Tables B-1, i-1 eont. eorraapond to Tablta 4-1 and 4-2 
raapactfvoly In the it. Loula Park Traatablllty Study laport. 

Engineering Evaluation Report for 
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TABLE B-1 cont. 

CHARACTERIZATION RESULTS OF CONVENTIONAL, METAL AND 
NUTRIENT ANALYSES 

(NOVEMBER 30, 1988 GRAB SAMPLES) 

1 PARAMETER 

1 
1 
1 U23 

WELL DISCHARGE 
1 W420 1 

1 
U421 1 

1 
1 CONVENTIONAL (mg/L) 
1 

1 
1 

1 1 
1 1 
1 1 

1 
1 

1 
1 Phenolics (4-AAP} 

1 
1 0.006 

1 1 
1 0.033 1 

1 
0.039 1 

1 pH (units) 1 7.4 1 7.1 1 7.2 1 
1 Total Dissolved Solids 1 342 1 1 556 1 
1 Total Suspended Solids 1 8.77 1 10-0 1 6.00 1 
1 Fixed Suspented Solids 1 8.77 1 7.00 1 3.00 1 
1 Volatile Suspended Solids 1 <1.00 1 3.00 1 3.00 1 
1 Chemical Oxygen Demand 1 50.0 1 <10.0 1 16.0 1 
1 Total Organic Carbon 1 3.65 1 6-33 1 6.86 1 
1 OM and Grease 
1 

1 <6.00 1 <5.00 1 
1 1 

<5.00 1 
1 

1 
1 METALS (mg/L) 
1 

1 
1 

1 1 
1 1 
1 1 

1 
1 
1 1 

1 Iron-Total 
1 
1 1.310 

i 1 
1 2.320 1 

1 
1.310 1 

1 Iron-Ferrous 1 0.129 1 0.148 1 2.820 1 
1 Manganese-ToteI 
1 

1 0.082 
1 

1 0.466 1 
1 1 

0.287 1 
1 1 

1 NUTRIENTS (mg/L) 
1 

1 
1 

1 1 
1 1 
1 1 

1 
1 
1 1 

1 Ortho-Phosphate as P 
1 
1 <0.100 

1 1 
1 <0.100 1 

1 
<0.100 1 

1 Amnonia as N 1 <1.00 1 <1.00 1 <1.00 1 
1 Nitrate as N 1 <0.020 1 <0.020 1 <0.020 1 
1' Nitrite as N 

\ 
1 <0.020 

1 
1 <0.020 1 

1 1 
<0.020 1 

1 

Note: Analyses by KER. 
< - represents less than detectable concentrations. 
Tables B-1, B-1 cont. correspond to Tables 4-1 and 4-2 
respectively in the St. Louis Park Treatability Study Report. 
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TABLE B-2 

INFLUENT TANK (INFTNK) SAMPLING RESULTS 

! PftRfWETERS 

=SS=SSBS==SSS=S33 

NO. OF 
PRH RINOS HKl 

COHOENnOHRL (ng/Ui 
Phmolics M-ARP> 
pH Cunlts) 
ratal Sinpandod Sol Ida 
rotal Organic Carbon 

; HETRLS <ng/L>i 
! Iron-Total 

Iron-Forroua 
Iron-Ftltorod 
Hanganoao 

! PRH by HPLC (ug/L>i 
Carbazolo 
Naphthalano 
Rconaphthylona 
Rconaphthono 
Fluorono 
Phananthrono 
Rnthracono 
Fluoranthono 
Pyrono 
Banzo<a>anthracono 
Chryaono 
BonzoCbiriuoranthono 
Banzo<k>riuoranthono 
BonzoCa) pyrono 
Dibonzoto.Wanthrocono 
Banzo<g,h,i}porylono 
lndonoC1.2.3-c,d>pyrono 

< O.OOS 
7.d 

M.O 
B.BB 

1.730 
0.166 

< 0.100 
3.i80 

2.3B 
866 
dO.6 
39.3 
12.9 
8.17 
2.69 

<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.090 
<0.090 

HK2 

0.026 
7.3 

8.00 
17.3 

1.610 
< 0.100 

1.790 
2.280 

<2.00 
009 
39.3 
31.3 
12.2 
7.37 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.090 
<0.090 

UK9 

0.022 
7.3 
12.0 
101 

1.700 
< 0.100 

1.830 
3.330 

<2.00 
3.22 
3.33 
23.3 
10.0 
6.38 

<0.500 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.090 
<0.090 
<0.090 

RNRLVriCRL UEEK 
UK3 UKS 

0.007 
7.7 
19.0 
6.13 

1.030 
< 0.100 

1.020 
3.660 

33.8 
8.18 
<20.0 
31.3 
12.6 
8.37 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.090 

m 
7.2 
13.0 
9.68 

1.800 
< 0.100 

1.800 
6.080 

<2.00 
631 
3.70 
13.0 
6.73 
9.3 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.090 
<0.050 

UK6 

0.003 
7.3 
13.0 
33.0 

1.730 
< 0.100' 
< 0.100 
9.360 

<2.00 
333 
INT 
7.33 
9.83 
3.31 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.090 
<0.090 

UK7 

< 0.009 
7.9 

23.0 
6.93 

2.010 
< 0.100 
< 0.100 

7.310 

<2.00 
938 
INT 
9.68 
3.39 
3.22 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.090 
<0.090 

HK8 

< 0.009 
7.9 

19.0 
7.39 

1.880 
< 0.100 

1.320 
9.090 

23.7 
631 

<20.0 
<20.0 
10.6 
7.03 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.090 
<0.090 

HK3 

0.023 
7.3 
17.0 
7.38 

! 

1.710 
< 0.100 

1.700 
3.610 

<2.00 
97.2 
IHT 
10.0 
3.37 
6.38 

<0.900 
<0.200 
<0.200 
<0.020 
<0.190 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.090 

: Total Ootoctablo PRH 368.2 389.3 91.3 39.3 665.8 910.9 611.3 792.3 03.7 

NoUi Rnalyaoa by KER. 
IHT - indleatoa intorforonco. 
< - roproaonta loaa than dotoctabla eoncontrationa. 
a - Indicatoa aanplo uaa danagod In ahipnont. 
Tablo 8-2 corroaponda to Toblo 9-9 in tho St. Louia Park Trootablllty Study Roport. 
Sanploa takon oftor potaaaiun pornonganato addition. 
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TABLE B-2 cont. 

STATISTICAL COMPILATION OF INFLUENT TANK 
(INFTNK) SAMPLING RESULTS 

: PRRaMErERs RV8 HRX HIN STD L99X U99X 

CONVENTXONRL (Hg/L)> 
Ph*nolics M-RRP) 
pH Cunits) 
Total Suopondod Solids 
Total Organic Carbon 

NETRLS Cng/L> 
Iron 
Forrous Iron 
Dissolvod Iron 
Hanganoso 

PRH bg HPLC Cug/L): 
Carbazolo 
Naphthalono 
Rconaphthgl'ono 
Rconaphthono 
Fluorono 
Phonanthrono 
Rnthracono 
Fluoranthono 
Pyrono 
Bonzo Ca>anthracono 
Chrysono 
Bonzo Cb)f1uoranthono 
Bonzo Ck> f1uoranthono 
Bonzo Ca> pyrono 
Di bonzo Ca,h> anthracono 
Bonzo Cg,h,i > porylono 
Indono(1.2•3-c,d)pyrono 

0.022 
T.-i 

13 
21 

1.978 
0.186 
1.813 
3.B06 

O.Oii 
7.7 

19 
101 

1.880 
0.166 
1.920 
6.080 

0.007 
7.2 

3 
6 

0.190 
0.166 
1.700 
0.298 

0.006 
0.093 
1.719 

11.029 

0.192 

0.037 
0.631 

0.019 
7.9 

12 
12 

1.923 

1.770 
3.291 

0.029 
7.9 

19 
30 

1.739 

1.899 
9.320 

1 • 20.293 39.000 2.300 11.690 0.000 99.792 
• 
1 909 009 9 139.706 299 916 
1 • 22.283 90.600 3.700 11.983 0.260 99.297 
1 
I 29.391 91.300 7.390 9.271 19.076 29.607 
• 
1 10.989 13.100 9.090 0.918 9.791 11.237 
• • 6.377 0.370 3.310 0.909 9.896 6.897 
1 
1 2.930 2.690 2.210 0.311 0.000 6.383 
1 
1 0;2ie 0.210 0.210 
1 • 0.262 0.262 0.262 0.000 0.262 0.262 
i NO 
: XD 
! NO 
• XD 
1 XD 
! 
1 
1 

NO 
NO 
NO 

1 998 986 31 191 393 979 : Total Dotoctablo PRHs 

Notot Influant Tank statistical data through usok 
BOO - Rvorags of roportod valuos. 
HflX - HaMimiN of roportod valuos. 
HIN - Ninl'HUH of roportod »>aluos. 
STD - Sanplo standard dovlatlon. 
L99X - LoHor bound 99X confidonco Unit. 
U99X - Uppor bound 99X confidonco Unit. 
NO - Hot Dotoctod. 

9. 
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TABLE B-3 

STATISTICAL COMPILATION' OF INFLUENT IRON AND MANGANESE 
SAMPLE RESULTS PRIOR TO POTASSIUM PERMANGANATE 

ADDITION 

: : 
RVQ I HIM I niH 

I : ! 
SrO I L95R : U9SX 

: : 
! : 

i.iea : 2.120 : 0.000 
0.222 ; 0.379 ; 0.000 

I : 
; I 

: ! : 
: : : 
: ! I 

1.0O9 : 0.000 : 3.209 ; 
0.203 ; 0.000 : 0.012 : 

: I : 
! ! : 

HOTEl nvo - Rv«rga> of raperlad valuas. 
Itnx - HaMiMUM of roportad valuoo 
niH - Mininun of roportad valuos. 
5TD - Sanplo standard doviatlon. 
L95II - LoHor bound 9SX confidonco intorval Unit. 
U95X - Uppor bound 95* confidonco intorval linit. 
• - Hunbor of dotoctablo sanplo usod in calculating statistics. 
Hnalgsos bg Koystono Environnontal Rosourcos. 
Tablo B-3 dovolopod fron rospoctivo data givon in Tablo 3-10 
of tho St. Louis Park Troatabilitg Study Roport. 
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TABLE B-4 cont. 

STATISTICAL COMPILATION OF SAND FILTRATION COLUMN 
EFFLUENT (SFCEFF) SAMPLING RESULTS 

: PRRRNETERS flVO HRX HIN STO L95X U95X : 

i CONVEHTIONRL <ng/L3: 
1 
1 

1 
1 

: Phonolics <9-RRP5 0.022 0.099 0.009 0.012 0.013 0.030 ! 
1 

i PRH by HPLC Cug/L): 
1 

1 
1 

Carbazolo 96 971 2 IBS 0 306 : 
: Naphthalono 591 900 10 339 339 793 

Rconaphthylono 99 137 6 97 0 98 i 
Rconaphthono 36.9 88.0 19.9 22.9 19.9 59.6 : 
Fluorono 12.6 22.9 6.7 9.5 10.3 15.3 : 
Phonanthrono r 13 2 3 6 9 ! 
Rnthracono 1.3 2.2 0.5 0.7 0.2 2.9 ! 
Fluoranthono 0.378 0.560 0.218 0.172 0 0.805 ; 
Pyrono 0.758 1.710 0.209 0.700 0 1.871 : 
BonzoCa)anthracono 0.033 0.033 0.033 • • 

: Chrysono NO • • 
Bonzo(b)fluoranthono NO 1 

1 

BonzoCk)fluoranthono HO 1 • 
Bonzo(a)pyrono NO 1 

1 

Dibonzo(a,h)anthracono NO 1 • 
: Bonzo<g,h,i)porylono NO • • 

IndonoC1,2,3-c,d)pyrono NO • 
t 

Total Dotoctablo PRH 609 1989 31 917 368 899 : 

Not«: Sand Filtvr Colunn Effluvnt statistical data through uook 30. 
flfO - Rvorago of roportod yaluos. 
HRX - Haninun roportod yaluo. 
HIN - Hininun roportod yaluo. 
STD - Sanplo standard doyiation. 
U9S!I! - Uppor bound 95X confidonco linit. 
L95X - Louor bound 95X confidonco linit. 
NO - Not Dotoctod. 
rablo B-9 cont. corrosponds to Tablo 6-9 in tho 
St. Louis Park Troatabilitg Study Roport. 
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TABLE B-5 

PILOT-SCALE OPERATION DESIGN PARAMETERS 

CHEMICAL OXIDATION/SAND FILTRATION PRETREATMENT ^ 

• KMn04 Dosage 

• Sand Filter Hydraulic Loading 

Filter Media 

- Anthracite 
Effective Size 
Uniformity Coefficient 

- Pool Sand 
Effective Size 
Uniformity Coefficient 

• Intermittent Daily Backwash 

1.16 mg/KMnO^/mg. Fe 
2.16 mg/KMnO^/mg Mn 

1.15 gpm/ft^ (downflow) 

0.9 mm 
1.70 

0.48 
1.46 

21% of Applied Daily Flowrate 

ACTIVATED CARBON COLUMN TREATMENT 

• Mesh Size 

• Hydraulic Loading 

• Empty Bed Contact Times 

• Carbon Usage 
- Phenolics (week 22 through 28) 

- Naphthalene (week 30) 

12x40 

2.9 gpm/ft^ 

AC1 = 7.5 minutes 
AC2 = 7.5 minutes 
ACS = 10 minutes 

Total = 25 minutes 

0.103-0.133 lb. carbon/1000 gal. treated 
0.0014 - 0i0018 lb. phenolics/lb. carbon 

0.096 lb. carbon/1000 gal. treated 
0.047 lb. naphthaiene/lb. carbon 

NOTE: Table B-5 corresponds to Table 6-2 In St. Louis Park Treatability Study Report. 
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APPENDIX C 

DYNASAND FILTER PILOT-SCALE TEST 
REPORT 

NOTE: ALL NOT COMPLETE DUE TO ANALYTICAL DATA 
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1.0 DNTRODUCTION 

The purpose of the field test of the DynaSand filter was to empirically verify the 
performance of a Parkson Corporation' DynaSand continuous backwashing type filter with 
regard to the specific groundwaters associated with the St. Louis Park, Minnesota 
superfund site. The performance requirement is to remove iron and' manganese to levels 
below 1.0 mg/1, while protecting the carbon columns from operational problems associated 
with high levels of total suspended solids at a hydraulic loading of 3.6 gpm/ft^. 
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2.0 PROCEDURES 

A continuous pilot test of the DynaSand filter was performed on-site from October 
26, 1989 through November 6, 1989. The process flow scheme for the pilot system is 
shown in Figure C-2-1 with all three streams of interest, Influent, Effluent and Reject, 
ultimately being discharged to the sanitary sewer. Operational parameters of the 
DynaSand filter were held consistent with that of the design parameters of the full-scale 
unit as cited in Table C-2-1. Flow rates for each well were established by calculating a 
flow proportioned rate which yielded a total system flow of 39 gpm. Potassium 
permanganate dosage was held at a ratio of 1:1 for iron and 2:1 for manganese; this 
yielded an application rate of 28 ml/min for a 0.1 molar solution of potassium 
permanganate. 

The objectives of this testing were: 

* Verification of performance with regard to protecting the carbon columns 
firom operational problems associated with total suspended solids. 

* Evaluation of the effectiveness for iron and manganese removal. 

* Generate permit monitoring data with regard to reject stream (backwash) 
discharge. 

Verification of performance with regard to protecting the carbon columns from 
operational problems associated with total suspended solids was accomplished by passing 
a bleed stream of the DynaSand filter effluent through carbon columns #2 and #3 of the 
existing treatability study pilot unit, see Figure C-2-2. Headloss (carbon column pressures) 
were monitored during the pilot test. 

To evaluate the effectiveness with regard to iron and manganese removal both on-
site monitoring and off-site analyses of the Influent, Effluent and Reject streams were 
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performed. Off-site analyses were provided by independent laboratories as detailed in 
Figure C-2-3. On-site monitoring was accomplished utilizing E&M QuantStrips. These 
strips are a "quick and simple" dip strip test with a colorimetric indication of metal ion 
concentration. Off-site analyses for TSSA'SS/FSS, pH, Total Iron and Manganese was 
provided by Keystone Environmental Resources located in Pittsburgh, PA. 

Parameters associated with discharge permitting that were monitored on-site 
included pH and Dissolved Oxygen. Table C-2-2 is a sample copy of the daily monitoring 
record sheet blank. Additional parameters monitored were St. Louis Park-Polynuclear 
Aromatic Hydrocarbons List, Phenolics and Chemical Oxygen Demand, analytical work 
performed by Rocky Mountain Analytical Labs located in Denver, CO. 
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FIGURE C-2-1 
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FIGURE C-2-2 
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TABLE C-2-1 

OPERATING PARAMETERS 

PARAMETER FULL SCALE PILOT-SCALE 

Filter Area - («?> 

Hydraulic Loading -(gpm^ 

Total Flow - (gpm) 

Potassium Permanganate Dosage 
(ratio x;x) 

Iron 

Manganese 

38.8 

3.6 

140 

1:1 

2:1 

10.8 

3.6 

39 

1:1 

2:1 

PARAMETER 

FLOW PROPORTIONED RATES 

W420 W421 

Full-Scale Design Basis 

Flow - (gpm) 

Percent Flow - (%) 

Pilot Unit 

Flow - (gpm) 

J Percent Flow - (%) 

50 

62.5 

24.5 

62:5 

30 

37.5 

14.5 

37.5 
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FIGURE C-2-3 

SAMPLING SCHEDULE FOR DYNASAND PILOT TEST 
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TABLE C-2-2 

SAMPLE DAILY MONITORING RECORD SHEET 

Day: 

DynaSand Pilot Test - St. Louis Park, MN 

Date: 

Weils - Influent (I): 

Flow Each 

Total Combined Flow 

Iron Concentration 

Manganese Concentration 

pH 

Dissolved Oxygen 

Potassium Permanganate: 

Dosage 

DynaSand Filter - Reject (R): 

Flow (Time In Bucket) 

Iron Concentration 

Manganese Concentration 

pH 

Dissolved Oxygen 

W420 

GPM 

ml/min 

GPM 

mg/l 

mg/l 

Units 

mg/l 

GPM 

mg/l 

mg/l 

Units 

mg/l 

W421 

GPM 

Molar 
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TABLE C-2-2 cont. 

SAMPLE DAILY MONITORING RECORD SHEET 

DynaSand Pilot Test - St. Louis Park, MN 

Day: Date: 

DynaSand Filter - Effluent (E): 

Flow (Influent - Reject) 

Iron Concentration 

Manganese Concentration 

PH 

Dissolved Oxygen 

GPM 

mg/l 

mg/l 

Units 

mg/l 

Headloss: 

DynaSand Filter 

Carbon Column #2 

Carbon Column #3 

Inches 

PSIG 

PSIG 

Air Rate - DynaSand Filter SCFH on Filter 

PSIG on Compressor 

Cartxin Column Effluent: 

pH 

Dissolved Oxygen 

Units 

mg/l 

Note Time of Day HR:MIN 
(24 Hour Clock) 
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3.0 RESULTS 

Results are only available for on-site monitoring at this time. Outstanding analytical 
results are expect to be available by mid-December, 1989; at that time an addendum to 
this report will be issued'. As determined by on-site monitoring to date, the DynaSand 
filter performed within the necessary requirements for the entire test period. As cited in 
Table C-3-1 Effluent concentrations of iron and manganese were not detectable via the 
"dip strip" for all Days except Day 6 and Day 12, where manganese is cited as being 
present in a concentration between 0-5 mg/1 and iron at a concentration between 0-3 
mg/1, respectively. These cited occasions were the only two events during the pilot test 
when effluent, concentrations of either iron or manganese were noted as being detectable. 
These events resulted from problems encountered with the air flow rate. 

The air rate associated with the operation of the DynaSand filter was noted as 
being high on Day 7 (60 SCFH rather than 45 SCFH as established Parkson's Field 
Engineer). Air rate problems associated with inclement weather were noted on Day 9. 
By Day 10 headloss for carbon column #2 is cited at 5.5 PSIG indicating that some 
suspended solids are being carried in the effluent stream. It is suspected that this is due 
to the problems associated with the air lift/air rate. The air lift/air rate is the mechanism 
within the DynaSand filter which permits the removal of accumulated suspended solids via 
the reject stream. Carbon columns #2 and #3 were backwashed on Day 11 and 
headlosses reduced to 1.5 PSIG and 1.0 PSIG respectively. At any rate; on-site monitoring 
has shown that the system was able to operate for 10 days without incident, which is a 
technically and economically feasible time frame for backwash of the full-scale carbon 
system as designed. 

Dissolved oxygen concentrations were monitored in each stream during the pilot test. As 
cited in Table C-3-1, D.O. levels were enhanced sufficiently by the DynaSand filter prior 
to carbon column treatment. 
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TABLE C-3-1 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 
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TABLE C-3-1 cent. 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 
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TABLE C-3-1 cont. 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 
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TABLE C-3-1 cont. 

DAILY MONITORING RECORD - DYNASAND PILOT TEST 
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GC/MS methodis. 

For the other PAH parameters, naphthalene was always detected in the two 
influent samples at respective concentrations which represented the majority of the 
detectable PAH compounds. In terms of the naphthalene concentrations measured, some 
differences are noted for the three methods. With regard to the other PAH compounds 
detected, general trends do hold with a few exceptions cited. 

The results presented, along with those previously given in Table 4-3, do support 
that PAH analysis by HPLC can be used for operational monitoring of the treatment 
system rather than the more costly GC/MS methods. The basis of this conclusion 
statement is the fact that naphthalene comprises the majority of the total PAHs detected 
and that naphthalene is a very quantifable parameter by HPLC analysis. This argument 
is further supported by the fact that naphthalene will also be one of the first compounds 
to break through (i.e., be detected) in the carbon column effluent. Phenolics is another 
parameter which should break through early. Further discussions of this are given in the 
next sub-section. Permit monitoring can still be performed using the SIM-GC/MS method 
for the SLP-PAH list as is presently being done by the City of St. Louis Park on a 
quarterly basis for the present groundwater well discharges. 

6.2 Engineering Design Issues 

One of the primary reasons for operating the pilot-scale treatment unit was to 
generate engineering design data related to chemical oxidation/sand filtration pretreatment, 
and activated carbon colunm treatment of a full-scale system. Design data for these two 
processes are given in Table 6-2. 
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o 
TABLE 6-2 

PILOT-SCALE OPERATION DESIGN PARAMETERS 

Chemical OxIdatlon/Sand Filtration Pretreatment 

KMn04 Dosage: 

Sand Filter Hydraulic Loading 

1.16 mg/KMn04/mg Fe 
2.16 mg/KMn04/mg Mn 

1.15 gpm/ft^ (downfiow) 

Filter Media 
- Anthracite 

Effective Size 
Uniformity Coefficient 

- Pool Sand 
Effective Size 
Uniformity Coefficient 

0.9 mm 
1.70 

0.48 
1.46 

O 
intermittent Daily Backwash 

Activated Carbon Column Treatment 

21% Of Applied Daily Fiowrate 

Mesh Size 

Hydraulic Loading 

12x40 

2.9 gpm/ft^ 

Empty Bed Contact Times AC1 = 7.5 minutes 
AC2 = 7.5 minutes 
ACS = 10 minutes 

Total = 25 minutes 

Cait)on Usage 
- Phenoiics (week 22 through 28) 0.13 - 0.133 ib. carbon/1000 gai. treated 

0.0014 - 0.0018 ib. phenoiics/ib. carbon 

- Naphthalene (week 30) 0.096 ib. carbon/1000 gai. treated 

0.047 ib. naphthaiene/lb. carbon 
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Chemlcdl Oxidation/Sand Filtration Pretreatment 

For pretreatment of pumped site groundwaters, the KMnO;^ dose ratios cited in 
Table 6-2 for Fe and Mn removal are based upon operation of the pilot unit. These 
values were computed based on the fact that 3.1 of KMnO^ was added per liter of 
influent groundwater. This value is close to the requirements of 2.72 mg/L computed 
based on the referenced [6] dose values of 1:1 (mg KMnO^: mg Fe) for iron and 2:1 (mg 
KMnO^: mg Mn) for manganese using the average influent values for iron and manganese 
measured in the groundwater influent (INF) samples as cited in Table 6-3. Thus, the 
computed dose ratios actually added are 1.16:1 for Fe and 2.16:1 for Mn. The hydraulic 
loading to the sand filter was 1.15 gpm/ft^ which is near the low range for most downflow 
fixed bed type sand filters [4]. A single excursion for iron and manganese concentrations 
in the sand filter effiuent during week 2 of operation is attributed to solids overloading of 
the sand filter. Daily backwashing of the sand filtration unit rectified this condition. The 
daily backwashing represented approximately 21 percent of the daily applied flowrate to 
the sand filter which was applied for 30 minutes per day at a flowrate of 1 gpm/ft^ as 
needed to fluidize the sand bed. Normally, the backwash rate for a full-scale sand filter 
represents between 5 to 15 percent of the applied flowrate on a daily basis [4]. 

Activated Carbon Treatment 

The three in-series activated carbon columns operated during the pilot testing 
simulated a single column with sampling ports representing 7.5, 15, and 25 minutes of 
empty bed contact times (EBCT) with the same hydraulic loading of 2.9 gpm/ft^ applied 
to each column. Data generated for NPDES permitting considerations were generated 
imder the 25 minute EBCT condition while data generated to estimate carbon chemical 
loadings and exhaustion rates were generated under an EBCT of 7.5 minutes for column 
1 (ACl). Figure 6-1 plots the influent and treated effluent concentrations of naphthalene 
for carbon column 1 (ACl). Figure 6-2 does the same for phenolics. 

As previously discussed In Section 5.3 (Carbon Column Breakthrough Monitoring), 
the data supports that naphthalene breakthrough has not occurred, even at Week 30. 

This is based on the contention that the naphthalene concentration should have 
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TABLE 6-3 

STATISTICAL COMPILATION OF IRON AND 
MANGANESE GROUNDWATER CONCENTRATIONS 

i PRRRHETER RUG HRX HIN STD L95X 
• 

U95X : 

i HETRLS Cng/l): 

i Iron 
! Hanganoso 

I.IGG 
0.222 

2.120 
0.379 

0.000 
0.000 

1.089 
0.203 

0.000 
0.000 

• • 
• • 
1 

3.28<1 : 
0.612 ; 

• • 
• 
1 

NOTE: RUG - Rvorag* of roportod valuos. 
HRX - HoMiiiun of roportod valuos 
HIN - HininuH of roportod valuos. 
STD - Sofiplo standard doviation. 
L95il! - Louor bound 95X confidonco intorval linit. 
U95X - Uppor bound 95X confidonco intorval linit. 
Rnalysos by Koystono Environnontal Resourcos. 
Tablo 6-3 dovolopod fron rospoctivo data givon in Tablo 5-10 
of tho St. Louis Park Troatability Study Roport. 
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FIGURE 6-1 

COMPARISON OF INFLUENT AND EFFLUENT 
NAPHTHALENE CONCENTRATIONS FOR 

CARBON COLUMN 1 
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o FIGURE 6-2 

COMPARISON OF INFLUENT AND EFFLUENT 
PHENOUC CONCENTRATIONS FOR 

CARBON COLUMN 1 
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consistently increased from Weeks 17 (when it was first detected) through Week 30, the 
average influent naphthalene concentration was an order of magnitude higher than the 
effluent. Rather than< increase with time, the effluent naphthalene concentration remained 
somewhat constant, most likely due to the influence of wall effects of the pilot-scale 
colunm. Such wall effects do not manifest themselves in a full-scale system. At Week 30, 
greater than 90' percent of the applied naphthalene was being adsorbed, similar to what 
was being adsorbed at Week 17 based on an average concentration applied over the 
course of the pilot work. Thus, it is supported that carbon exhaustion for naphthalene did 
not occur at Week 30, even though the 30-day average NPDES target concentration of 17 
ug/L for Total Other PAHs exceeded on several occasions. However, the daily maximum 
value of 34 ug/L was slightly exceeded only at Week 30. 

A similar case can be argued for phenolics. Based on the data plotted in Figure 
6-2, it can be argued that phenolics breakthrough occurred somewhere between Week 22 
and Week 28 as a conservative estimate. As previously cited in Section 5.3 (Carbon 
Column Breakthrough monitoring), determining an exact carbon exhaustion rate based on 
phenolics is difficult due to the influent phenolics concentrations being relatively low (i.e., 
6 to 8 times greater than the method detection limit of 0:005 mg/L), and the observed 
variability associated with phenolics analysis near these low concentrations. Wall effects 
could also be playing a role with phenolics similar to that for naphthalene. 

Referring to Table 6-2, Week 30 of the pilot-scale operation corresponds to a 
carbon usage of 0.96 lb. carbon/1,000 gallons treated based on naphthalene. 
Correspondingly for phenolics. Weeks 22 through 28 relate to a carbon exhaustion range 
of 0.103 to 0.133 lb. carbon/1,000 gallons treated. These values correspond to the same 
respective values given in Table 5-1 for carbon column 1 at the same weeks specified. 

These carbon exhaustion rates can alternatively be expressed in terms of mass of 
chemical adsorbed per mass of the average influent concentrations of naphthalene and 
phenolics present in the groundwater applied to ACl for a specified time period. For 
naphthalene, an average applied naphthalene concentration of 541 ug/L for a 30-week 
time period represents an exhaustion rate of 0.047 lb. naphthalene adsorbed per lb. of 
carbon per the following equation: 
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0:047 lb. Naphthalene 541 ug Naphthalene 0.096 lb. Carbon 
= X (8.345 xlOr^) * (6-1) 

lb. Carbon L of Groundwater 1000 gallons treated 

with: 8.345 x 10"^ being a conversion factor for ug/L to Uf.lgallon 

A veiy similar computation was performed for phenolics but with Week 22 and 
Week 28 data used to give a range of 0.0014 to 0.0018 lb. phenolics per lb. of carbon as 
cited in Table 6-2. 

In computing the carbon exhaustion rate for naphthalene and phenolics, the 
average influent concentration used was computed using all respective values measured in 
the sand filtration column effluent (SFCEFF) applied to carbon column 1 (ACl) during 
the pilot-scale testing. This data extended over 30 weeks of operation and included 11 
individual data points as previously cited in Table 5-6. Table 6-4 summarizes the 
statistical data for naphthalene, phenolics and other PAHs monitored. The 95 percent 
confidence interval limits given were computed for the mean based on a Student-t 
distribution analysis with n-1 degrees of freedom assuming a normal distribution and 
unknown variances. Detailed discussions of this statistical compilation are provided 
elsewhere [7]. 

The fact that phenolics and naphthalene were the first and only two site chemicals-
of-interest detected in carbon column 1 effluent is consistent with published isotherm data 
[5] which predicts that breakthrough of naphthalene and phenolics will occur prior to any 
other organic compounds present in the pumped groundwaters. Using published isotherm 
data [5] and the respective pilot-scale influent average concentrations given in Table 6-4, 
the carbon exhaustion rate for phenolics is given at 0.0026 lb. adsorbed per lb. carbon and 
0.096 lb. adsorbed per lb. carbon for naphthalene. These empirically computed carbon 
exhaustion rates are just slightly higher than those determined from the pilot-scale testing 
results. This difference is for the reason that the isotherm data used are based on single 
solute adsorption with the lower pilot-scale carbon usages due to competition for available 
adsorption sites from other solubles present in the groundwater. 
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TABLE 6-4 

STATISTICAL COMPILATION OF COLUMN 1 
INFLUENT (SCFEFF) SAMPLING RESULTS 

PRRRNETERS Rl>G NRX HIN STO L95X U95X 

CONPENTIONRL Cng/L): 
1 
1 

1 
1 

Phanolics C^-RRPP 0.022 0.099 0.009 0.012 0.013 0.030 : 
1 

PRH by HPLC Cug/L): 
1 

1 
1 

Carbazola 96 971 2 185 0 306 : 
Naphthalana 591 980 10 339 339 793 : 
Rcanaphthylana 99 137 6 97 0 98 I 
Rcanaphthana 96.9 88.0 19.9 22.9 19.9 59.6 ! 
Fluorana 12.e 22.9 6.7 9.5 10.3 15.3 ; 
Phananthrana 7 13 2 3 6 9 : 
Rnthracana 1.3 2.2 0.5 0.7 0.2 2.9 ! 
Fluoranthana 0.378 0.560 0.218 0.172 0 0.805 ; 
Pyrana 0.758 1.710 0.209 0.700 0 1.871 ; 
Banzo Ca)anthracana 0.033 0.033 0.033 1 

1 

'Chrysana NO 1 
1 

Banzo Cb3 f1uoranthana NO 1 
1 

BanzoCkJfluoranthana NO 1 
1 

'Banzo (a) pyrana NO 1 
1 

OibanzoCa,h>anthracana NO 1 
1 

Banzo Cg ,'h, i > paryl ana ND 1 
1 

IndanoC1,2,3-c.d)pyrana NO 1 
1 

Total Datactabla PRH 609 1989 31 917 368 899 ! 

Notv: Sand' Filtar Coluim Effluant statistical data through uaak 30. 
RVG - Avarago of raportad valuas. 
HRX - Haninun raportad valua. 
tllN - Hininun raportad valua. 
SrO - Sanpla standard daviation. 
U35X - Uppar bound' 95X confidanca linit. 
L95X - Louar bound 95X confidanca linit. 
NO - Not Datactad. 
fabla 6-i corrasponds to Tabla cont. in tha Enginaaring Evaluation Raport. 
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APPENDIX D 

ATTACMMENT 3 

UPFLOW FIXED BED SAND FILTER 
WITH CONTINUOUS OPERATION 

(PARKSON CORPORATION DYNASANID FILTER) 





DynaSand' Filter 
A Unique Concept 

in Sand Filtration... 
The DynaSand® Filter is a continuous back
wash, upflow, deep bed granular media 

filter. The filter media is continuously cleaned 
by recycling the sand Intemally through an air 

lift pipe and sand washer. The regenerated sand is re 
distributed (see Cover) on top of the sand bed allow
ing for a continuous uninterrupted flow of filtrate and 
reject water. 
Feed is introduced into the bottom of the filter, then 
flows upward through a series of riser tubes and is 
evenly distributed into the sand bed through the open 
bottom of an inlet distribution hood (A) (Fig. 1). The 
influent flows upward through the downward moving 
sand bed (B) with the solids being removed. The 
clean filtrate exits from the sand bed, overflows a weir 
(C) and is discharged from the filter (D). Simulta
neously the sand bed, along with the accumulated 
solids, is drawn downward into the suction of an ai^ 
lift pipe (see Fig. 2) which Is positioned in the center 
of the filter. A small volume of compressed air is 
introduced into the bottom of the airlift(E). The sand, 
dirt, and water are transported upward through the 
pipe at a rate of about 200 gpm/ft^. The impurities 
are scoured loose from the sand during this violently 
turbulent upward flow. Upon reaching the top of the 
airlift (F), the dirty slurry spflls over Into the central 
reject compartment (1)- The sand is retumed to the 
sand bed through the gravity washer/separator (G) 
which allows the fast settling sand to penetrate, but 
not the dirty liquid. The washer/separator is placed 
concentrically around the upper part of the airlift 
and consists of several stages to prevent short circuit 
Ing (Rg. 3). By setting the filtrate weir (C) above the 
reject weir (J) a steady stream of clean filtrate flows 
upward, countercurrent to the sand, through this 
washer section and acts as a liquid barrier that carries away the dirt and reject water (K). 
Since the sand has a higher settling velocity than the dirt p^cles, it is not carried out of 
the filter. The sand is redistributed by the means of a sand distribution cone (H). The 
sand bed is continuously cleaned while both a continuous filtrate and a continuous 
reject stream are produced. 

•1980 Pariuon Corp 
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standard 
Features 
• Epo;^ Painted Carbon Steel or 

FRP Tanks 
• All Stainless & FRP Internals 
• Air Control Panel 
• Mo Moving Parts 
• Fully Assembled - Ready to 

Install Upon Arrival 
• Seismic 2 Design 
• Deep Bed Rltration 

Optional 
'Features 
• Access Platforms & Ladders 
• Tank Covers or Screens 
• Seismic 4 Design 

Typical Data 

J-}, 

DSF^T-

T • 
I'O" 
9'6" . 

2a-5&-
1.5-4. • 

5"-20" 

DSF©t ;DSF-IOO 

64^ 100 
g^o'" .lo'xio 

2T3r* ; 15-6-' 
25a-50a 300-900 

• 5^25. 10-50 
20' 22 

4r3"' 40' 
l'5-4 4-10 

ia:-24"- . 18--24 ' 
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• Continuous Operation 
No need to shut down filters for backwash cycles 

• Elimination of Auxiiiaiy Equipment 
There Is no need for backwash tanks, pumps 
valves instrumentation, etc 

• Simplicity 
• No moving parts - no operator attention required 
• High Solids Capability 

Can handle up to800ppm solids in the influent for 
some appiicadons 

• Low Pressure Drop 
Less than 24" pressure drop- ea^to gravity feed 

• Low Power Consumption 
Gravity feed or low pressure feed pump and small 
air compressor are all that is required 

. Single Media 
No need for internal screens grids underdrains etc 

• Continuously Cleaned Sand Bed 
No mudbail foimatioa 

> No need for Continuous Chlorination 
> Improved surface loading rates where the loading 

rates are limited by solids capacity. 
» No requirement for flow control valves or flitter 

box arrangements. -. "J 

loadinfl .' -

-"v ^ - ' • - ^ 
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Combination 
Lamella' Gravity 
Settiers/lliickeners 
& DynaSand'Filters 
The DynaSand Rher can readily be used as a polish
ing filter following the Parkson Lamella Gravity 
Settler/Thickener. The system Is designed such that 
the feed Is pumped to the LQS/T. The overflow from 
the LQS/T Is gravity fed to the DynaSand Filter. The 
filtrate can then be gravity fed as a direct discharge 
stream or for reuse purposes The reject stream Is 
gravity fed back to the holding sump upstream of 
LGS/T. Thus the entire flash-mixing, fiocculation, 
clarification and filtration process can be accom
plished on an uninterrupted, no operator attention 
basis using only one feed pump. 



PARKSON CORPORATION "fc. 

2727 N.W. 62nd Street 
P.O. Box 408399 
Fort Lauderdale, Rorida 33340-6399 
Phone: (305) 974-6610 

A Subsidiary of A Johnson & Co., inc. 

Multiple units can be installed and still 
maintain system simplicity (top 
photo). The pressure drop across 
the sand bed insures an even feed to 
each niter without the need for 
splitter boxes. A header pipe with the 
appropriate number of Te^ Connec
tions is ail that is required. 

For large flow applications, our con
crete basin design consisting of 
multiple ceils is available Cells can 
be custom arranged to fit individual 
plant configurations The concrete 
designs are particularly well suited 
for large flow surface water and 
tertiary filtration applications (txittom 
photo). 

AUequpmentdexribedlnlhlsbnchuielspiotectedby 
patentx and additional patents may be pending. 

Other Parkson Products 
Aqaa Qaard™ Soraen - a self 
cleaning bar/fliter screen 
Rato-Gnard"* Scraan - a line 
screening system for waste water 
Lamalla* Gravity Settler/ 
Thickener - a compact inciined 
piate separator 
OzyChargar"' Static Aerator - for 
energy-free aeration 
Magnmn* Press - continuous 
belt press 
Wyma* Flaac-A-Toba* - fine 
bubble diffuser 
Indoatrial Filtar Clothing - for 
belt filter presses 

Buiietin DS301 lOM-12/85 
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PARKSON CORPORATION 

2727 N.W. 62nd Sireet 
P.O. Ecx 408399 
Fon Lauderdale. Florida 33340-8399 
Phone: (305) 974-6610 

A Subsidiar/ of A. Johnson & Ca. (nc 

Multiple units can be installed and still 
maintain system simplicity (top 
photo). Tne pressure drop across 
the sand bed insures an even feed to 
each filter without the need for 
splitter boxes. A header pipe with the 
appropriate number of Te^ Connec
tions is all that is required. 

For large Bow applications, our con
crete basin design consisting of 
multiple cells is available. Ceils can 
be custom arranged to fit individual 
plant configurations. The concrete 
designs are particularly well suited 
for large flow surface water and 
tertiary flltiatiQn applications (bottom 
photo). 

MtqtmamdsulbtdlnihlsbneitunapmKsalby 
pattna «tf4dttinsrp«ntiaflutf 0«pendt9 

Other PariEson Prodacts 
A^a Goard" Scraan - a self 
cleaning bar/Slter screen 
RotO'Gaard'" Scraan - a fine 
screening system for waste "rater 
LamaOa* Gca«tt7 Sattlar/ 
nickanar - a compact indbied 
piate separator 
OzyOiergar" Static Aaxater- for 
energyliee aeradan 
MagDom* Praas - continuous 
belt press 
Wysa* Fle*A-Taba® - fine 
bubble dlfiuser 
hidiiatxial FStar Clothing - for 
belt fliter presses 

Builedn OS-30I 10M-1Z'85 



APPENDIX D 

ATTACHMENT 4 

LIST OF PARKSON DYNASAND FILTER 
INSTALLATIONS 
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PynaSand Filter 
EUROPEAN REFERENCE LIST 

U-. 
, ;impany/Location Size Application 

;;tenebo Bruks AB 
llnnebo Bruk, Sweden 

11 £t2 
-

Galvanizing IVaste 

•Innebo Bruks AB 
ilnnebo Bruk, Sweden 

11 ft^ Galvanizing Waste 

•|stre Royse STP 
Jsrway 

22 ft2 Primary Clarifier Overflow 

iergshanira, Norrtalje 
Sweden 

t \ 

(4) 16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

lesslingen Resort 
i^eden 

22 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

Swedish Steel Company 
iSAB, Oxelosund» Sweden 

I; 

(123 32 ft 2 Continuous Caster 
Scale Pit Filtration 

Mhorna Municipality (4) 16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) S^dertalje, Sweden 

1. 
b 

(4) 16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

^ipierfabrik Friesland 

1 
11 £t- Paper Industry 

White Water 

{josa Project 
rryggve Blind A/S, Norway 

16 ft2 Tertiary Direct Filtration 
(Phosphorus Removal) 

?fF Steel 
(efors, Sweden 

(20; 32 ft2 Steel Industry 
Mill Scale and Oil 

Psirksoil CORPORA^ 
if 0. ECX 2i407 • F7. LAUOEROALE FLC • :3C5-, "7r-^?.=o 



Co jnaany/Loca t ion Size Application 

i&ges 
stteras, Sweden 

16 ft2 Copper and Brass 
Mill Scale 

Geigy 
iAsbuttel, Germany 

(2) 22 ft2 Chemical Waste 

>ersta AB 
nahyttan, Sweden 

(8) 32 £t2 Steel Industry 
Mill Scale and Oil 

Alci-Laval 
Tt nma, Sweden 

16 ft2 Metal Finishing 

of Ulriceharan 
Len 

(43 32 ft2 Phosphorus Removal 
Polishing 

esta Steel (6) 32 ft2 Continuous Caster 
Scale Pit Filtration 

d 



e^RKSOlsBSaRPQIOTQ 

BISSNUSS. INC., 
0'.0» C0URTH0US6 BLDQ. 

SUITE 260 
CAK'RSUD. OHIO 44406 

(21S) 533-5531 

DYNASAND 
FILTHS 

•LI 

INDUSTRIAL BIOLOGICAL FILTRATION 
REFERENCE LIST 

ALUTION 
FLOW LOADING NUMBER & 
(CPM) RATE MODEL APPLICATION 

tin Co. Biokyowa 
( Girardeau, MO 

^|F-Wyandotte 
eifemar, LA 

Braun/Houston Tool Base 
liston, TX 

Wellman 
OH 

rough Ponds 
ton. CT 

Shamrock 
artown, GA 

Chemical 
tJL 

Goodrich 
ivent, LA 

Goodrich 
sf^ert City. KY 

n Yard SIP 
ltor>-on-Hudson, NY 

275 

624 

1,600 

20 

90 

35 

18 

400 

10 

100 

1,000 

200 

4.3 

3.1 

2.8 

2.8 

5.6 

3.0 

2.6 

3.1 

1.4 

3.2 

5.0 

5.3 

(1) OSF-64 Biological 

(2) DSF-100 Biological Activated Sludge 

(10) DSF-64 Biological 

(1) DSF-7 Biological Activated Sludge 

(1) DSF-16 Biological 

(1) DSF-12 Biological 

(1) DSF.7 Biological 

(2) DSF.64 Biological 

(1) DSF-7 Biological 

(1) DSF-32 Biological Activated Sludge 

(2) DSF-100 Biological & iMetal Hydroxide 

(1) DSF-38 Railroad Yard 

2727\vv.6?nd Street 
P.O. Boxa08309 

• ' .• V cr 



TALLATION 
FLOW 
(CPM) 

LOADING NUMBER & 
RATE MODEL APPLICATION 

jngef Co. 
Otuk, ilA 

:ott, NY 

cill, NY 

rlY<t9rk 
t.TX 

ilte Cement 
1. IN 

500 

150 

2,400 

125 

10 

150 

5.0 (1) DSF-100 Biological 

2.0 (2) DSF-38 Biological 

6.0 (4) OSF-100 Biological 

6.6 • (1) DSF-T9 Biological 

1.4 (llDSF-7 Biological 

4.0 (1) DSF-38 Chemical/Biological 

^santo Research Corp. 208 
ijpisburg, OH 

A Departure Hyatt Bearing 63 
ffflusky, OH 

yalt Corporation 150 
io. NY 

Kline A French 20 
deland. PA 

in Carbide 350 
ibine, CA 

k Foods 403 
sboro, OE 

ghington Steel 75 
)$ton, PA 

Processing 425 
Jrgia. VT 

Chemical 450 
alia, PA 

5.5 (2) DSF-19 Biological 

2.8 (2) DSF-12 Biological 

3.9 (1) DSF-38 Biological 

1.3 (1) OSF-16 Biological RBC Overflow 

5.5 (1) DSF-64 Biological Activated Sludge 

3.1 (2) DSF-64 Biological 

6.3 (1) DSF-12 Biological RBC Overflow 

3.7 (3) DSF-38 P-Removai 

2.25 (2) DSF-100 Biological 

O 



E'^SNUSS. INO. _ 
ci: - i OURTHOUSS BLDfi. 

SUITE 230 
CA.i'r :LD. OHIO 4440S 

533-SS31 

DYNASAND 
FILTER 

MUNICIPAL/DOMESTIC WASTES 
BIOLOGICAL HLTRATION REFERENCE UST 

^ 

L ___ 
PACKAGED UNIT INSTALLATIONS 

1' 

ijsTALLATION 
1 

FLOW MODEL LOADING RATE 
(GPM/SQ. FT.) 

It: of Alton 5TP 
MO 

; 

jczican Bottoms Itogiotul 
IL 

life of ApoUo Beach 
.{|9llo Beach, FL 

Beach, FL 

of Boqueron 
Rko 

of Cayey, Piidco 
Rico 

. of Cayey, LaPlata 
toiito, Puerto Rico 

County Utilities 
FL 

Ihdastrial Park 
id, VW 

Utilities Corp. 
FL 

of Eminence 
e, MO 

! County Geriatric Center 
PA 

100 gpm 

200 gpm 

695 gpm 

210 gpm 

173 gpm 

105 gpm 

175 gpm 

690 gpm 

35 gpm 

140 gpm 

500 gpm 

100 gpm 

(2) DSF^ 

(6) DSF^ 

(1) DSF-150 

(2) DSF-38 

(1) DSF-38 

(1) DSF-19 

(1) DSF-38 

(1) DSF-ISO 

(1) DSF-12 

(1) DSF-38 

(3) DSF-38 

(1) D5F-19 

2.6 

5.2 

4.6 

2.8 

4.6 

5.5 

4.6 

4.6 

2.9 

3.7 

4.4 

3.3 

1727 \AV. oliia Street 
J. Bi-.x iJSJ-M 



mi LLATION FLOW MODEL LOADING RATE 
(GPM/,SQ. FT.) 

^fEvcleth 
MN 

• Fotrest City 
: City, AR 

lorgan WWTF 
3res, AL 

iraier Distrid; #11 
TX 

' Gravel Ridge 
el Ridge, AR 

Ci>|of Haitisburg 
AR 

Creek Ranch 
Creek, AZ 

j of Kings Grant 
I Grant, N'J 

of Kings Grant 
Grant, NJ 

auk Manor WWTP 
ktauk, NY 

of Milton 
DE 

of Mountain View 
itain View, MO 

i'V of N'svarce Beach 
'arru H.-ji;;', FL 

or 
kpOi". Ali 

ngc C.tur.iy 
iversit^' .)f Central Florida 

500 gpm 

1314 gpm 

420 gpm 

800 gpm 

420 gpm 

300 gpm 

35 gpm 

228 gpm 

382 gpm 

ISOOgpm 

42 gpm 

245 gpm 

275 gpm 

625 gpm 

1575 gpm 

347 gpm. 

(4) DSF-38 

(4) DSF-150 

(1) DSF-lOO 

(2) DSF-lOO 

(1) DSF-150 

(1) DSF-lOO 

(1) DSF-7 

(2) DSF-38 

(2) DSF-50 

(3) DSF-200 

(1) DSF-7 

(3) DSF-38 

(3) DSF-38 

(4) DSF-3a 

'3l •_'3r-l30 

.2) ••'SF.64 

3.7 

2.2 

4.2 

4.0 

2.8 

3.0 

5.0 

3.0 

3.8 

3.0 

6.0 

3.2 

3.7 

4.1 

3.5 

2.7 



SSTALLATION FLOW MODEL LOADING RATE 
(GPM/SQ. FT.) 

Del Oro 
AZ 

dley Creek 
Gosten, P.^ 

aven Resort 
lix, A2 

Del Sol HI 
Ifuma. AZ 

cho Peak 
cho, AZ 

Rock Resort 
ina, AZ 

Riders Landing 
3ntarik, NY 

Wayne County Water 
Sewer Authority 

>.ake Ariel, PA 

Sun & Fun Resort 
a, FL 

Trails 
jnd Beach, FL 

easuie Lake WWTP 
^andergrift, PA 

ifets Hospital' 
Lport, N'Y 

Town of Vlllalba 
Rico 

of Watertown 
Vatertown, N'Y 

iTayland-Sudbury 
Sudbuiy, MA 

River 
Vhite River. LT 

of Woodstock 
I'oodstock. NY' 

50 gpm 

278 gpm 

120 gpm 

36 gpm 

36 gpm 

36 gpm 

89 gpm 

70 gpm 

100 gpm 

140 gpm 

190 gpm 

278 gpm 

210 gpm 

70 gpm 

gvm 

35 gpm 

(1) DSF-12 

(2) DSF-3S 

(2) DSF-12 

<1) DSF-7 

(1) DSF-7 

(1) DSF.7 

(1) DSF.19 

(2) DSF-12 

(1) DSF^19 

(1) DSF.38 

(1) DSF-Sa 

(2) DSF.38 

(1) DSF.64 

(1) DSF.19 

(1) DSF.19 

(1) DSF-7 

(2) DSF-38. 

4.2 

3.7 

5.0 

5.1 

5.1 

5.1 

4.7 

2.9 

5.3 

3.7 

5.0 

3.6 

3.3 

3.7 

4.0 

5.0 

3.9 



!• CONCRETE MODULE INSTALLATIONS 

n SETALLATTON 
l| 

FLOW P OF MODULES LOADING RATE 
(GPM/SQ. FT.) 

idiige County 
h|BtOii, IL 

1.5 MOD (4) Modules 5.0 

c 
G 

Mof GvecB Forest 
em Forest, AK 

2.4 MGD (12) Modules 2.8 

C in of Johnstown 
kipstown, OH 

1.9 MGD (8) Modules 3.8 

c 
K 

teliof Kissinwifo 
{JWnee, PL 

il 

7.5 MGD (24) Modules 4.3 

C 
\ 

tJof Merritt Island 
Island, R 

3.0 MGD (12) Modules 4.1 

c 
N 

of Norwalk 
>^alk, OH 

3.5 MGD (Ave) 
8.5 MGD (peak) 

(24) Modules 2.0 
4.9 

C 
s 

t] of Strongville 
•ibigville, OH (2 Plants) 

4.6 MGD 
(each) 

(40) Modules 5.0 

P&1987 

O 

o J 
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Til'vy 

BISSNUSS. INC. 
OLOE COURTHOUSE BLOG. 

SUITE 260 
CANFIELD, OHIO 4440$ 

(21$) 533^1 

DYNASAND 
FILTER 

METAL nNISHING REFEEENCE UST 

imer/Locatlon 

Pialing • Melbourne, FL 
• OIney, IL 
4Ulp - Van Wert, OH' 

Irpax • Cambridge, MO 
Jchemtron - Cleveland, OH 
Jlen Bradley • Milwaukee, Wl. 
Jlied Finishing • Grand Rapids. Ml 
nerican Electro-Products - Waterbury, CT 
laconda - Miami, FL 

Fastenem - Waterbury, CT 
Sectric - Racine, Wl 

ilson - Colorado Springs, CO 
in Hardware - Reading. PA 

Helicopter - Amarilto; TX 
indix - Newport News. VA 

lix - Sidney, NY 
Corporation - Indianapolis, IN 

Hue Grass Plating - Richmond, KY 
lass Craft - Thomasvlile, NC & Lancaster, TX 
tristol Compressor • Bristol, VA 
ronze Way Plating - Los Angeles, OA 
umished Metals • Eilenville, NY 

lunoughs - Carlsbad, OA 
ns - Elkhart, IN 
ns Printex - San Jose. CA 
:TS Printex - San Jose^ CA 
^don - VWandotte, Ml 
^itol Products - Kentland, IN 
5hampion. Spark Plugs - Toledo, OH 
Cherry Fasteners - Santa Ana, CA 
Chicago Rnished Metals - Bridgeview, IL 
X)ating Equipment - Sudbury. MA 
X)lumbia Metal - Los Angeles, CA 
Continental Circuits - Orlando, FL 
Crouse Hinds - Amarillo^ TX 
Carting Store - Paragould, AR 
Caystrom Furniture - Boston, VA 
Cetta Faucet - Chlckasha, OK 
Ceutsch ECD • Oceanside, CA 
Cexter Locke • Auburn, AL 
Ciamond Shamrock • LaPorte, TX 

No. Of Ibtal 
Units Model Flow 

2 0SF$4 384 
1 DSF12 140 
1 DSR64 350 
1 DSF-19 120 
1 DSF<32 150 
1 DSF12 60 
1 DSF-12 72 

DSF19 200 
1 DSF.16 90 
1 OSF^ 200 
1 DSF38 150 
1 DSF7 42 
1 DSF64 350 
1 DSF7 42 
1 DSF32 100 
1 DSF100 400 
1 DSF12 60 
1 DSF19 100 

•SF19 228 
1 DSF7 30 
1 DSM2 72 
1 DSF^ 200 
1 DSF-16 100 
1 OSF60 300 
1 DSF19 114 
1 DSFas 226 
1 OSF^ 228 
1 OSF^ 225 
1 DSF19 114 
1 DSF64 350 

DSF7 42 
1 DSF19 80 
1 DSF16 75 
1 DSF19 100 
1 0SF12 50 
1 DSF94 275 
1 0SF16 80 
1 D8F38 228 
1 OSF64 300 
1 DSF16 100 
1 DSF^ 60 

2727 NlW. 62nd Screet 
r.O. Box 408399 
fori tAudcreale florldfl 33340 
Tentohone: 305 974-6610 

Asuusiolftfyor 
A. lo:'-"''" ^ i"fS. Inc 



Customer/Location 
Na of Ibtai 
Units Model Row 

1 DSF.7 30 
1 DSF.7 25 
1 DSP'7 30 
1 DSF-7 20 
1 DSR9 116 
1 P$Fe4 250 
1 DSF.7 42 
1 DSF.12 60 

DSF.12 60 
1 DSF-100 625 

DSF64 750 
1 DSF.100 625 
1 DSF-38 230 
1 DSF.16 75 
1 DSR38 200 
1 DSF7 30 
1 DSF-12 60 
1 DSF^ 200 
1 DSFT 40 
1 DSF.19 100 

DSF38 600 
1 0SR38 70 
1 DSF19 85 
1 DSF-7 42 
1 DSF-7 30 

DSF^ 450 
1 DSF.19 120 
1 DSF38 150 
1 DSF.16 80 
1 DSF-7 30 
1 DSF.12 50 
1 DSF.12 60 
1 DSF32 50 
1 DSF^ 150 
1 DSf^19 60 

DSF64 450 
1 DSF.12 50 
1 DSF.19 100 

DSF.64 750 
1 DSf^7 42 
1 DSF.12 60 
1 DSF.7 42 
2 DSF.19 114 
2 DSF38 208 
2 DSF38 400 
3 DSFV38 325 
1 DSF.12 72 
1 DSF.12 55 
2 DSF32 325 
T DSF.19 100 
1 DSF.32 150 
1 0SF.19 114 
1 DSF38 114 

DSF.12 72 
4 DSF.12 30 

DSF19 120 
OSF.38 150 
DSF.16 ICQ 

Diversified Products • Opaiaka, AL 
Dresser industries • Defiance, OH 
Eaton Corporation - Belmund, lA 
Eaton Coiporation - Belmund, lA 
Everest & Jennings - CamariUo, OA 
Federal Mogul • Blacksburg. VA 
Federal Mogul - Frankford, IN 
Ferroxcube - Saugerties. NY 
FUnt ink * Ellzabethtown. KY 
Ford Motor Company • Connorsville, IN 
Ford Motor Company • St. Paul, MN 
Ford Motor Company - Saline, Ml 
Formosa Plastics - Pt. Comfort, TX 
Fortin Lemlnating - Sylmar, CA 
Fortln Laminating - Sylmar, CA 
Frantz Manufacturing - Sterling, iL 
GAMCO' Henderson, KY 
Garrett TUrtw • Pfioenix, AZ 
a Z Gedney - Teriyville, CT 
General Defense Corporation - Red Lion, PA 
General Electric Company • Florence. SC 
General Electric Company - Milwaukee. Wl 
General Electric Company - Salem, VA 
General Electric Company - Syracuse, NY 
General Electric Company - West Burtingame. lA 
General Motors Corp. - Cadillac DIv., Lavonia, Ml 
Gillette - Boston. MA 
Gould Valve & Fitting - Chicago. IL 

I Graphic Products - ^ Lauderdale. FL 
Gridcarft - Fort Wayne. IN 
H. H. Electronics • Twinsburg, OH 
Hadco Printed Circuits - Wdtsonville, CA 
Hall Chemical - Arab. AL 
Harris Government Services - Melbourne. FL 
Hawaiian Electric • Pearl City, HI 
Honda of America - Marysville, OH 
Honeywell - Chandler, AZ 
Hughes Aircraft - EI Segundo. CA 
Hughes Aircraft • Los Angeles, OA 
Hughes Tbol - Houston. TX 
Hughes Tool - Houston. TX 
Hughes Tool - Shanghai. China 
IBM • Bromont,. Quebec 
IBM - Poughkaepsie. NY 
IBM - San Jose, CA 
IBM • Tucson, AZ 
ITT - Lawrence. MA 
117 C3r.r:cn - Phoenix, AZ 
ITT Courier - Tempe. AH 
ITT GrinneU - Columbia. PA 
ITT United Plastics - Balnbridge, GA 
Imperii: Cievite - McConnellsville, OH 
Indiana Ircustrlal Plating, - Michigan City. IN 
Incusr- a.' Circuits - San Marco, CA 
Inge:"::.: r^a.nd - Wichita Falls, TX 
Js.r.:: A'yandanch. NY 

.. . - ••••isrtjri. CA 
..i_. . • .;:5 - .vilodleoury, IN 



9 
jstomer/toeation 

No. of 
Units Model' 

Total 
How (GPM) 

9' 

o 

imore Research - Ravenna, OH 
Aluminum - Fonda, NY 

Radio - Oiathe, KS 
Radio - Oiathe. KS 

.on - Sunnyvale, CA 
ilman Otecast - Kansas City, MO 
Ikset - Los Angeles, CA 

lies - Latrobe, PA 
Brothers - Sterling. IL 

. Siegler - Mendon, Ml 
ington Metal Products - Lexington, IN 

trip • Houston, TX 
...lluch Hiiti -TUIsa, OK 
lagnavQx - Fort Wayne. IN 
lemorac - Eau Claire, W1 
lemorex • Eau Claire. W1 
letropolltan Circuits - Bridgeport, NJ 

.. iicrofab * Amesbury, MA 
i^olex, Inc.' Lincoln, NE 
tomlngstar Manufacturing - Jacksonville, FL 
i4otorola - Plantation, FL 
i^ultaplex - Santa Clara, CA 
lultidrcuits - Manchester, CT 

inal Can - St. Paul, MN 
Lock - Mauldin, SC 
Lock - Spartanburg. SC 

jal Semi Conductor - San Jose. CA 
England Plating - Worcester, MA 

News Shipbuilding - Newport News, VA 
is Industries - Los Angeles, CA 

Industries - Newtserry, SC 
^ Industries - Vernon, CA 
^bnis Industries - Vernon, CA 
<torthern Metal Specialties - Menomonee Falls, MN 

n Telecom - West Palm Beach, FL 
Johnson - Waukegan. IL 

Milwaukle, OR 
Racine, Wl 

ir Hannifin - Cleveland, OH 
In Elmer - Norwalk, CT 
in Elmer - Norwalk, CT 

Walton, IN 
^helps Dodge - El Paso, TX 

Ips Dodge - Fort Wayne, IN 
Ips Dodge - Norwich. CT 

..Jmont Circuits - Raleigh, NC 
'lymouth Plating - Ptymouth, Ml 
'rogress - Philadelphia. PA 

iress Equipmer.: • Dayton, OH 
..jress Lighting - Cowpens, SC 
lulncy Products - Quincy, Ml 

- CIrelevllle, OH 
- CIrcievlile, OH 

. - Indlanapoiis. !N 
laymark - Crawfordsville, IN 
laytheon - Lowel.. 

IRevere Ccooer - •"•^..•2. NY 
iRsyncids iAa:z. • 1. - lis.zn. Hawaii 

Jmark 

DSF-7 
DSF-19 
DSF19 
DSF.19 
DSP-19 
DSFSa 
DSFS4 
DSF7 
DSF-12 
DSF.19. 
DSF-19 
DSF-12 
DSF32 
DSF.12 
DSF38 
DSW9 
DSFS2 
DSF38 
DSF.7 
DSF.12 
DSF^2 
DSF38 
DSF38 
DSF32 
DSP-19 
DSF38 
DSF^ 
DSF<38 
DSF19 
DSF.12 
DSF-12 
DSF64 
DSF64 
DSF-19 
DSF-100 
DSF19 
DSF7 
DSFSe 
DSF7 
DSF19 
DSF19 
DSF7 
DSF19 
DSF32 
DSf^ 
DSF<32 
DSF-7 
DSF-38 
DSF-33 
DSF-7 
DSF7 
DSF-64 
DSF-64 
DSF-':2 

20 
114 
100 
114 
114 
200 
750 
42 
60 

100 
120 
75 

160 
60 

530 
114 
150 
114 
30 
72 

ISO 
228 
175 
150 
120 
200 
200 
300 
150 
72 
60 

750 
500 
114 
275 
100 
40 

228 
40 

100 
100 
35 

120 
100 
150 
100 
42 

200 
225 
40 
42 

700 
800 
60 
60 
28 

114 
100 



* E10•39bd IbiOl •• 

(kistoiner/Loeation 
No. of 
Units 

Ids Mstal - Puerto Rico 
Plating - Jamesville. Wl 
tw Controls - OA 

Industries - Fort Wayne, IN 
Industries - San Dt^a GA 
Technologies • JenJidolown, PA 

aft America • Widosta, GA 
i hinko - Manteca, OA 

igma Plating - U Puente, OA 
mith Kline & French - Swedenland. PA 
nap On Ibol • Ellzatiethton, IN 
nap On I&0I - Kenosha. Wl 
olid State Circuits - Springfield, MO 
pacified Plating Company - Commerce, GA 
)erry Flight - Phoenix. AZ 
)erry Univac - Bristol, IN 

perry Univac - St. Paul. MN 
quare D - Asheville, NC 
quare D - Smyrna. IN 

Itwadyne - Sanford, NC 
iley Ragg - Stowe, PA 

- Rerceton, IN 
Warner - Winston Salem, NC 

umitomo - Fremont, OA 
unstrand - Denver, CO 
un World - Alarmonte^ FL 
uitronics - Raleigh, NC 
urtronics - Raleigh, NC 
& 8 - Elizabeth, NJ 

awas Plating - Tawas City, Ml 
ektronix. Inc. - Beaverton, OR 
bktronix - Forrest Grove, OR 

fne Adams - Union, NJ 
Department of Corrections - Orlando, TX 

. Instrument • Stafford, TX 
Iron - Cincinnati, OH 

Ing • Puerto Rico 
Wire - Pittsfield. PA 

ind Textron • Pontiac; SC 
ircuits - RUls Church, VA 
- Providence, Rl 
Buffalo, NY 

J Circuits - Pompano Beach, FL 
in City Plating - Benton Harbor, Ml 

ISBI - Huntsville, AL 
I.S. Brass - Piano, TX 

Ikswagen of American - New Stanton, PA 
..i^rlan - F^o AHo, OA 
^Sarian Eimac - San Carlos, CA 

ig Labs - Lowell, MA 
ig Labs - Metheun, MA 

jrner Lambert - Milford, CT 
[vVarsaw Black Oxide - Burnet, IN 

•-^oer Metals - Ferment, CA 
•2 oom - Mason City, lA 
.-.is Aluminum - Moultrie, GA 

.-..•..'-.ghouse - Pueno Rico 

rricot 

Total' 
Model Row 

DSF-19 114 
DSF-19 100 
DSF^ 150 
DSF^ 200 
DSF-19 90 
DSF^ 750 
DSF-38 150 
DSI^19 42 
OSF^ 345 
DSF.16 75 
DSF58 200 
DSR12 200 
DSF-38 228 
DSF-19 120 
DSR64 370 
DSF38 200 
DSF-32 150 
DSF-19 80 
DSF-7 19 
OSF^ 225 
DSFS8 245 
DSF.7 25 
DSR38 20 
DSF-38 150 
DSF-38 150 
DSF-32 140 
DSF-16 80 
DSF38 228 
OSF-19 114 
DSF38 170 
DSF-64 1000 
DSF-38 188 
DSF-12 72 
DSF.7 40 
DSF32 200 
DSF-12 72 
DSF.7 40 
DSF7 30 
DSF-7 40 
DSF-19 100 
DSF-38 144 
DSF12 72 
DSF^ 400 
DSF^ 200 
DSF7 42 
DSF-16 75 
DSR38 "00 
DSF-12 40 
OSF-38 2i:C 
DSF38 228 
DSF'16 100 
DSF-19 100 
DSF-38 100 
DSF.7 '^X'J 

DSF-12 •CO 
DSF.12 
DSF-12 "T 

") 



APPENDIX D 

ATTACHMENT 5 

PARKSON DYNASAND PILOT TEST 
REPORT ON IRON REMOVAL 



OLDE COURTHOUSE BUILDING SUITE 260 CANFIELD. OHIO 44406 PHONE 216/533-5531 

March 23, 1989 

Dr. John Smith 
RETEC 
1034 5th Avenue 
Suite ICQ 
Pittsburgh, PA 

Subject: Parkson Corporation 
DynaSand Filter 

Dear John, 

Please find enclosed a copy of the Parkson DynaSand pilot 
test report as discussed. 

Let us know if you have any questions. 

Yours very truly. 

Paul Bissell 

Enc. 

VJ AT] E Rv ; A N D; W A ST E T R E A T: MEN T 



WWII I U'i ' AwnwA I c I owwH A>9i rw I f t g 4g~'wg i g>gu £ Mu jog ugj'fi# £ 

rV\RKSON GORPQRAFlQISJi 

DYNASAND' 

DYNASAND* FILTER 

PILOT TEST PINAL REPORT 

For 

DuPAGE COUNTY - Chicago, Illinois 

Knollwood Site 

APPLICATION: 
TEST DATES: 
REPORT DATE: 
PREPARED BY: 

Well Water Iron Removal 
5/12/87 - 5/20/87 
5/27/87 
T. K. Harris 

2727 N;W. 62nel street 
P.O. Box 408399 
Fort Lauderdale. Florida 33340 
Teleohonc! 305'974-66l0 

A subsidiary of 
A. lohnson B. Co., Inc 
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OBJECTIVE 

The Objective oC this test was the removal of iron from well 
water to meet the limits of leas than Qi3 ppm. 

CONCLUSIONS 

1. During the day of May 12, 1987, a loading rate of 5.1 
gpm/sg.ft. was run. This was done with the addition of 3.1 
ppm of chlorine. The media was 0.9 mm silica sand. The 
influent iron ranged from 3.0 to 5.0 ppm (10 to 46 NTU), 
yielding an effluent quality of 0.3 ppm (3.1 to 33 NTU). 
The pH was 7.2 to 7.4 with water temperature of 54«F. 
During this operational periods the Delta P was 27 inches. 
The effluent residual chlorine was 0.6 ppm. 

2. During the day of Hay 12, 1987, a short run was made at a 
loading rate of 3.6 and 5.8 gpm/sg.ft. This resulted in a 
Delta P increase up to 35 inches and 36 inches plus 
reepectively. 

3. During the day of May 19, 1987, a loading rate of 5.3 
gpm/sq.ft. was run. The media at this time had been changed 
to 1.3 mm silica sand. The influent iron was 3.0 ppm (4.0 
NTU) during this period. With the addition of 3.1 ppm of 
chlorine, an effluent quality of 1.6 ppm iron (1.0 NTU) was 
attained. The Delta P was 11 inches. The pH was 7.1 with 
water temperature being 53*F, The effluent residual 
chlorine was 0.6 ppm. 

4. During the day of May 19, 1987, a loading rate of 7.0 
gpm/sq.ft. was run. This was done with 1.3 mm silica sand. 
The Delta P during this period was 15 inches. With influent 
iron in the range of 3.0 ppm (3.3 NTU) and after the 
addition of 3.0 ppm of chlorine, an effluent quality of 1.8 
ppm iron (1.2 NTU) was attained. 

5. During the day of Nay 19, 1987, loading rates of 4.4 
gpm/sq.ft. and 3.3 gpm/sq.ft. were run. The Delta P during 
these periods were 9 Inches and 7 inches respectively. With 
influent iron of 3.0 ppm (2.0 NTU) and after the addition of 
3.1 ppm of chlorine, an effluent quality of 2.0 ppm iron 
(0.6 NTU) was attained. 

6. During the day of May 20, 1987, a loading rate of 5.0 
gpm/sq.ft. was run. The Delta P was 10 inches. After the 
addition of 3.1 ppm of chlorine and 0.5 ppm of Nalco 8100 
polymer, the Influent iron of 4.5 ppm (2.8 NTU) was reduced 
to 2.8 ppm (0.6 NTU). The pH was 7.1 with a water 
temperature of 54'F. The effluent residual chlorine was 1.0 
ppm. 

7. During the day of May 20, 1987, a loading rate of 4.7 
gpm/sq.ft. was run. After the addition of 3.1 ppm of 
chlorine and 0.5 ppm of Nalco 8100 polymer, the Influent 
iron of 4.0 ppm (2.6 NTU) was reduced to 2.5 ppm iron (0.4 
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NTU). 

8. Due to the piping to the DynaSand Filter pilot unit, the 
retention time for chlorine contact was limited to about 45 
seconds. By jar test, a longer retention time revealed 
better floe formation. The floe is fairly fragile, thus 
caution should be taken when designing flow velocities. A 
dosage of 0.25 to 0.50 ppm of Nalco 8100 produced a stronger 
floe. This will also reduce turbidity. 

9. With the use of the 1.3 nun silica sand media and the 
addition of 3.1 ppm chlorine, the iron was not significantly 
reduced, but the turbidity was. This was also true after 
the addition of 0.5 ppm of Nalco 8100 polymer. 

RECOMMENDATIONS 

1. It is recommended that 0.9 mm silica sand be used for this 
application. 

2. At a maximum flow rate of 325 gpm, the loading rate to one 
DynaSand Filter, Model DSF-64 unit will be 5.1 gpm/ag.ft. 
With the addition of 3.1 ppm of chlorine and influent iron 
of 3.0 ppm, an effluent quality of 0.3 ppm may be obtained. 
The Delta P at this condition will be 26 inches. 

3. At a nominal flow rate of 280 gpm, the loading rate to one 
DynaSand Filter, Model DSF-6i4 will be 4.4 gpm/sg.ft. With 
the addition of 3.1 ppm chlorine and influent iron of 3.0 
ppm, an effluent quality of 0.3 ppm may be obtained. The 
Delta P at this loading rate will be somewhat lower. 

4. The retention time for floe formation is very important in 
this application. By jar testing:, approximately three to 
five minutes revealed good formation for filterable 
particles. 

5. The feed velocities must be considered due to the fairly low 
shear rate of the fleeced particles. 

DISCUSSION 

The tests were run using the DynaSand Filter trailer mounted 10.6 
square-foot unit. Feed to the unit was taken from a fire hydrant 
located about 100 feet from the trailer. The chlorine was added 
at the hydrant and injected via a chemical pump. When polymer 
addition was required, this was injected just prior to an in-line 
mixer located about 15 feet from entering the unit. The effluent 
and reject were gravity fed to a stream. 

The major difference between adding polymer and not addint it was 
the size and strength of the floe and not the amount of iron 
removed. With the addition of polymer, the floe was still fairly 
small (less than 1/8 inch). 

TKH/gl 
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5-12-•87 

1000 5.1 31 5.0 1.5 46 33 3.2 0.9 mn sand 

1130 5.1 31 7.4 54 5.0 0.9 14 8.7 3.1 Air 30 psi/42 
45 SCFil 

1300 

1330 

5.0 28 

26 7.4 54 

5^0 0.6 10 3.1 3.3 Residual 
chlorine 0.6 

1340 5.6 35 

1400 5.8 36-1- Sand bed ^-5" 

1430 5.1 26 3.0 0.3 5.9 1.5 3.2 Resid.chl. 0. 
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1630 0.3 1.3 • 
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0830 5.3 11 7.1 53 3.0 1.8 4.3 1.2 3.0 1.3 nun sand 

0900 5.3 3.0 1.6 4.0 1.0 3.2 

1000 5.5 11 7.1 53 1.6 0.9 3.1 Res id.ch1. 0. 

1100 11 1.6 0.9 

1200 7.0 15 3.0 

1300 7.0 15 3.0 2.0 3.8 1.7 
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Resid.chl. 0. 

1330 7.0 15 7.1 54 3.0 1.8 3.3 1.2 3.0 Resid.ch1. I. 
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1400 4.1 9 3.0 
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1430 4.4 9 3.0 2.2 3.4 0.6 3.0 1 
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OATB 
TIHE 

LOADING 
RATE 

arn/ft.2 

DELTA 
P 

pll TEMP 
•F 

IRON 
INFL. BFFL. 

NTU 
INFL. EFFL. 

CHEMICAL ADb. 
CHLORINE POLYMER 

CQHRENTS 

1500 3.0 2.0 0.6 

1515 3.3 7 

1600 3.3 7 7.1 54 3.0 2.0 3.3 0.5 3.1 

5-20-87 

0700 

0730 

5.0 

5.0 10 7.2 54 

3.2 0.5 Polymer 
Nalco 8100 

0830 5.0 10 4.5 2.8 3.4 0.6 3.1 0.5 Resid.chl^ 0. 

0915 4.9 10 7.1 54 4.5 2.8 2.7 0.7 3.5 0.5 Resid.chi. 1. 

0930 4.7 

1015 4.6 10 3.1 0.5 

1100 9 2.9 0.5 3.1 0.5 

1130 4.1 

1200 4.7 4.0 2.5 2.6 0.4 3.2 0.4 Resid.chi. 1. 

1300 4.7 4.0 2.5 2.6 0.5 
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September 8., 1988 

MODEL 7-1/2 ADSORPTION 5YSTZM 

CALGON CARBON CORPORATION 

1. SCOPE OF WORK 

1.1 GENERAL; The following specification describes all 
equipment, materials and services necessary to provide a 
complete Granular Activated Carbon Adsorption System. 
The Adsorption System shall consist of multiple units and 
all related appurtenances required for a completely 
operational system. The total system must be designed 
for economical carbon usage and ease and completeness of 
Granular Activated Carbon transfers.. 

The Carbon Adsorption System Supplier must take unit 
responsibility for the complete system. The Supplier 
shall be responsible for design, fabrication and assembly 
of all mechanical components including, but not limited 
to, adsorber (vessels), piping, instrumentation and 
controls. The Supplier shall also be responsible for 
supply, delivery and loading of Granular Activated Carbon 
and unloading and environmentally approved disposal of 
the spent carbon. Removal and disposal of spent carbon 
must be in accordance with all applicable local, state, 
and Federal Regulations regarding solid waste materials. 

The Carbon Adsorption System Supplier shall be able to 
guarantee a supply of Granular Activated Carbon. The 
Supplier shall also be able to remove and transport spent 
Granular Activated Carbon classified as hazardous under 
RCRA regulations, so that it can be transported to a 
reactivation facility as required. 

1.2 DESIGN: The total system shall contain a minimum 
installed capacity of 10,000 pounds of Granular Activated 
Carbon in each of two adsorbers. Overall system design 
flow will be up to 350 gpm at a total pressure drop of 
less than or equal to 30 psi with both adsorbers operated 
in series. A maximum system pressure drop of 30 psi 
(with clean water and clean bed — either fresh carbon or 
following backwash) will be measured beginning with the 
influent piping and ending with the effluent piping at 
the battery limits. (OPTION: System design flow will be 
up to 700 gpm with two adsorbers operated in parallel]. 
The system shall be designed to treat all waters equal to 
or above pH 7, or that are otherwise not corrosive to 
carbon steel material. 



HOOEL 7-1/2 ADSORPTION SYSTZR Page 2 
CALGON CARBON CORPORATION Septesber 8, 1988 

Battery Liaits for the Adsorption System shall be defined 
as beginning at the influent connection for the system 
and ending with the effluent connection for the system. 
All equipment between these two points shall be provided 
as part of the complete design by the system Supplier. 

1-3 WORK INCLUDED: The work covered by this specification 
includes the furnishing of all equipment, materials, 
carbon and services to comprise a complete Adsorption 
System. 

1.3.1 Two (2) downflow asorbers including a water 
collection system and all internals. 

1.3.2 4" influent and effluent piping to the adsorbers 
and interconnecting pipe and valves to allow 
placing either adsorber in the lead position in a 
series arrangement, or allowing both adsorbers to 
be operated in parallel. Valving shall be able 
to Isolate any adsorber for carbon exchange 
operations and maintain operation through the 
remaining adsorber. 

6" backwash supply and discharge piping to each 
adsorber, to be combined to single connection at 
Battery Limits. 

1.3.3 2" Granular Activated Carbon discharge piping 
with valves, flush lines and hose connections. 
6" X 8" Elliptical handhole on the adsorber top 
for Granular Activated Carbon fill. [OPTION; 4" 
Granular Activated Carbon fill piping with 
valves, flush lines and hose connections]. 

1.3.4 Integral vent and safety relief piping, water 
piping and utility connections. Vent piping 
directed to single point to be connected to 
unrestricted drain. 

1.3.5 6,500 pounds of Granular Activated Carbon, as 
. specified, installed per adsorber if system is to 
V be backwashed. 

1.3.6 Air distribution piping complete with all related 
appurtenances for properly functioning air system 
[i.e., pressure gauges, check valves, and 
shut-off valves) in order to receive air from a 
compressor and supply it to each adsorber for 
carbon transfers. 

1.3.7 Water spray nozale to wash granular activated 
carbon from the adsorber internals during 
transfer to assure complete spent media removal. 
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1.3.8 Installation of all equipment items on structucal 
steel skid for delivery and installation as a 
complete treatment unit. 

1.3.9 Complete set of technical specifications and 
operating manual. 

1.3.10 Experienced technical assistance as required. 

!•< WORK NOT INCLUDED! The following work is not covered by 
this specification and is to be the responsibility of 
others: 

1.4.1 Foundations 

1.4.2 Receipt, off-loading and setting of adsorption 
system 

1.4.3 Influent supply, effluent disposition and utility 
water supply. 

1.4.4 Freeze protection and/or insulation. 

1.4.5 Anchor bolts or templates. 

1.4.6 Air compressor or compressed air supply at proper 
pressure and rate. 

2. BID SUBMITTALS 

2.1 GENERAL: In order to insure the supply of a Granular 
Activated Carbon (GAG) Adsorption System that will be 
fully effective in meeting effluent requirements, 
potential suppliers of the Adsorption System shall 
provide the following information with the bid. These 
submittals shall show the ability to design and supply a 
GAC Adsorption System in a timely manner, supply GAC 
media when required, provide safe and legal removal of 
spent GAC when required and provide on-going technical 
support. 

2.2 EpraiENCE QOALIFICATIONS; The potential system supplier 
shall submit the following information for four (4) 
existing adsorption systems which demonstrate the ability 
to design and supply an effective GAC Adsorption System 
and meet the qualifications noted above. 

* 

2.2.1 Provide Adsorption System description including 
flow, contact time, system design (flow diagrams 
or general arrangement), adsorber sizing. 
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2.2.2 Provide process design inforaation including 
contaminants, system pexforaance (operating 
results, actual contaminant influents and 
effluents), effluent water usage, GAC usage rates. 

2.2.3 Provide references for each of the systems 
described. 

2.3 GAC ADSORPTION SYSTEM DESIGN'. The potential Adsoxption 
System supplier shall submit the following information 
with the proposal, utilizing catalog cuts, standard 
designs or recent designs on file, for GAC adsorption 
systems of similar size or adaptable to this size using a 
minimum number of multiple units. 

2.3.1 Provide adsorber vessel design drawings, showing 
ASHE code requirements. 

2.3.2 Provide underdrain design showing ability to 
remove water across GAC cross-section for 
effective use of GAC contained in unit. 

2.3.3 Provide Adsorption System flow diagram utilizing 
adsorbers in Item 2.3.1, showing actual flow 
rates to be treated for this site. 

2.3.4 Provide Adsorption System general arrangement for 
this site, showing space utilized, influent and 
effluent locations. 

2.3.5 Provide opexating weight of Adsorption System for 
this site, so that combined with information in 
Item 2.3.4, foundation design can be prepared. 

2.4 GAC ADSORPTION SYSTEM PROCESS DESIGN; The potential 
supplier shall submit the following information with the 
proposal to exhibit capability to assume total process 
design capability for the Adsorption System. 

2.4.1 Provide pressure drop information across system 
as designed (Section 2.3.3) to enable proper feed 
pump design. 

2.4.2 Provide interpretation of carbon adsorption 
isotherms to show ability of GAC to remove 
contaminants and fix dynamic test parameters. 
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2.4.3 Provide capability to obtain a dynamic pilot 
simulation of field performance of the proposed 
system. This dynamic pilot simulation is a 
column study conducted on actual water from the 
treatment site. The column study will simulate 
the contact time to be encountered in the 
full-scale treatment operation and Identify the 
carbon utilization rate in a simulation of up to 
one year's field performance. 

2.4.4 Provide analytical procedures used to support 
Items 2.4.2 and 2.4.3. 

2.5 GAC SUPPLY; The potential Adsorption System supplier 
shall demonstrate ability to supply acceptable GAC media, 
and, therefore, provide the following information with 
the proposal: 

2.5.1 Supply specifications of GAC to be utilized in 
system. Show that this GAC is in all respects 
equivalent to that used in testing (Section 2.4). 
Provide recent lot analysis that exhibit that GAC 
supplier is providing media according to 
published specifications. 

2.5.2 Demonstrate ability to supply complete GAC fill 
in a timely manner upon system completion or 
notification by client. Demonstrate that 
inventory of GAC proposed is adequate to meet the 
initial Hll requirements in a timely manner. 

2.5.3 Demonstrate ability to transport GAC to site in a 
reasonable time frame and transfer into adsorbers 
in a safe and timely manner. 

2.6 GAC R^CTIVATION: The potential Adsorption System 
supplier shall demonstrate ability to handle the spent 
activated carbon by non-destructive reactivation so that 
spent GAC can be removed from the site and handled in an 
environmentally safe and legally approved manner. 
Landfill of spent GAC shall not be an approved manner of 
GAC disposition. The following information shall be 
required of reactivation capability and submitted with 
the proposal. 

2.6.1 Provide reactivation testing procedures showing 
that the spent GAC will be received at the 
facility and reactivated in an environmentally 
safe manner. 
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2.6.2 Identify spent GAC transportation equipment 
showing transport of spent GAC in enclosed, DOT 
approved equipment. Provide transportation 
equipment drawings and necessary permits to 
transport hazardous waste. 

2.6.3 Demonstrate ability to transport and receive RCPA 
manifested material. Provide facility RCRA 
identification numbers. 

2.6.4 The adsorption system supplier or provider of 
reactivation services ("contractor") shall, to 
the extent of its negligence, indemnify and hold 
harmless the owner for any liability that may 
arise after the spent carbon is loaded into 
contractor's trailers and signed for by 
contractor at the owner's facility, provided that 
the spent carbon contains no PCB, dioxin, OBCP 
or any other compounds that, due to government 
regulation, may preclude handling the spent 
carbon in a RCRA approved and permitted facility. 
The adsorption system supplier shall provide a 
statement to this effect in the proposal 
submittal. 

2.6.5 The provider of reactivation services 
(reactivation contractor) shall provide a 
certificate of insurance evidencing sudden and 
accidental pollution liability of insurance in 
excess of 2 million dollars at the reactivation 
contractor's reactivation site. 

2.7 FIELD SUPPORT AND OPERATING ASSIST^CE QPALIFICATIONS! 
The potential system supplier shall submit the following 
information exhibiting ability to provide on-going 
support to the client to insure effective operation of 
the Adsorption System for the foreseeable future. 

2.7.1 Provide typical analytical programs to assist 
on-going applications. 

2.7.2 Provide per diem rate for engineering (process) 
support and technical (operations) support. 
Provide organization chart showing technical 
(operations) support groups and resumes of )eey 
personnel in Operations and Engineering 
departments. 
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3. POST AWARD SUBMITTALS 

3.1 GENERAL.; Upon award of the purchase order, the 
Adsorption System supplier shall submit the following 
information in the time and manner specified. 
Information provided by the supplier that is considered 
by the supplier to be confidential in nature must be 
clearly marked and so designated. 

3.2 APPROVAL SUBMITTAL: Two weeks after receipt of the order 
the following submittals shall be made: 

3.2.1 Project schedule indicating submittals, equipment 
delivery, installation and start-up. 

3.2.2 Flow schematic drawing indicating line sizes, 
valving, utility line sizes and connections. 

3.2.3 Adsorber vessel shop or fabrication drawings. 

3.3 CONSTRUCTION SUBMITTAL: Two weeks after return of 
approved first submittal to the supplier, the following 
submittals shall be made: 

3.3.1 Equipment arrangement and weights - detailed 
drawing(s) and listing of all required anchor 
bolts and nuts and a dimensional setting plan to 
conform to the requirements of the furnished 
equipment. 

3.3.2 General arrangement plans and elevations 
including detail and location of required 
interface connections to the system to be made by 
others. 

3.3.3 Specifications for all supplied equipment. 

3.3.4 List of recommended spare parts. 

3.4 OPERATING MANUAL SUBHITTAL; Prior to scheduled Start-up, 
the following submittals shall be made: 

3.4.1 Operating and maintenance manual incorporating 
all necessary information from previous 
submittals. Operating section shall include 
complete instruction on xmloading spent carbon 
and loading fresh virgin grade carbon, including 
any auxiliary utilities required. 

3.4.2 Names, functional titles, addresses and phone 
numbers of technical personnel available for 
on-^oing technical support. 
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3.5 AS-BUI'LT SUBMITTALt Four weeks after start-up and final 
system acceptance the following submittals shall' be made: 

3.5.1 Complete set of final drawings and specifications 

4. PROCESS DESCRIPTION 

4.1 CARBON ADSORPTION; The Adsorption System utilizes 
Granular Activated Carbon {GAC) for efficient removal of 
dissolved organic compounds from water. Adsorption is a 
physical process in which the compounds adhere to the 
surface of the carbon particle. The large surface area 
contained within the internal pore structure of the 
granular carbon particle provide the Carbon Adsorption 
System with a substantial capacity for the organic 
compounds to be removed. The Adsorption System provides 
effective exposure of the contaminated water to a 
quantity of Granular Activated Carbon. 

The Granular Activated Carbon Adsorption System shall 
consist of two (2) process vessels (adsorbers) operated 
in series or parallel. Each adsorber shall contain ten 
thousand pounds (10,000#) of Granular Activated Carbon 
(GAC). [OPTION: 6,500 pounds of GAC — backwashable 
system]. Water shall be conveyed to the Adsorption 
System from the source, enter the adsorbers at the top 
and flow downward through the carbon bed. An internal 
collector system shall be provided to collect the treated 
water and retain the granular media in the bed. In 
series configuration, the effluent from the lead adsorber 
is directed to the second., or polish adsorber. The 
treated water is discharged' from the Adsorption System 
through the effluent piping. 

The Adsorption System design shall provide for a contact 
time of ten (10) minutes given a flow of 250 gpm through 
each adsorber vessel, or a total contact time of twenty 
(20) minutes for series operation. The contact time is 
calculated on a "superficial" or "empty bed contact time" 
basis. The pressure drop across the entire Adsorption 
System (within Battery Limits) is estimated to be 20 psig 
during series operation. 

4.2 CARBON EXCHANGE.: When the carbon in an adsorber becomes 
saturated with contaminants adsorbed from the water, this 
adsorber shall be taken out of service to replace the 
spent Granular Activated Carbon with fresh Granular 
Activated Carbon. The flow can be diverted to the 
remaining adsorber allowing the treatment system to 
remain in service. The adsorber is pressurized with 
compressed air and the spent carbon is displaced into the 
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transfer tank or receiving trailer. A water spray nozzle 
shall be located at the top of the adsorber to introduce 
water into the adsorber at the end of the transfer 
operation and wash spent granular activated carbon from 
the sides and heads and assure complete media removal. 
Fresh carbon can be transferred to the empty adsorber 
utilizing the top fill manvay. 

After the adsorber has been recharged, the adsorber 
receiving the fresh carbon shall be placed on-line with 
the remaining adsorber. 

Spent carbon transfer shall be able to be accomplished 
hydraulically in slurry form and without human contact, 
in a closed loop piping system, in order to minimize 
environmental exposure. The carbon transfer shall be 
able to be conducted with air pressure as. the motive 
force in order to minimize the amount of water utilized 
in the operation. 

Disposal of spent carbon must be performed in an 
environmentally safe manner. If the carbon is 
reactivated, it must be accomplished in a facility 
permitted to accept RCRA manifested material. If 
unsuitable for reactivation and reuse, the Carbon 
Adsorption system supplier shall assist the owner in the 
proper disposition. Therefore, a Procedure for 
Qualification of Materials to RCRA permitted TSDF, should 
be made available. 

5. EQUIPMENT DESCRIPTION 

5.1 ADSORBER VESSELS; Adsorbers shall be vertical 
cylindrical pressure vessels with flanged and dished 
heads. The adsorbers shall be designed, constructed and 
stamped in accordance with the ASHE Code, Section VIII 
for a design pressure rating of 75 psig. COPTIOMAL: 125 
psigl at 150'r. The adsorber shall be equipped with a 
manway located on the adsorber straight side. All nozzle 
connections must be flush on the inside of the shell and 
provided with 150 pound flat face flanges on the outside. 

Adsorbers shall be constructed of carbon steel and shall 
have all welds and any other sharp edges ground smooth, 
and all imperfections such as skip welds, delaminations,, 
scabs, slivers and slag corrected prior to abrasive 
blasting. All surfaces are to be deg.reased prior to 
sandblasting. The adsorber internal surface shall be 
blasted to a white metal surface (SSPC-SPS) to provide an 
anchor pattern in the metal corresponding to 
approximately 20% to 15% of the film thickness of the 
coating. The exterior of the adsorber shall be 
sandblasted to a commercial blast cleaning (SSPC-SP6). 
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The interior of the adsorbers shall be lined in orde>r to 
prevent corrosion that will occur when wet activated 
carbon is in contact with carbon steel. This lining 
shall also exhibit abrasion-resistant qualities to 
prevent erosion by movement of the granular media. The 
finished lining shall be a minimum 35 mil dry film 
thickness to insure protection of the steel surface for a 
satisfactory period. A coating shall be used which 
exhibits excellent chemical resistance to a wide range of 
water solutions, and meets requirements of the U.S. 
Federal Register, Food and Drug Regulations Title 21, 
Chapter 1, Paragraph 175.300. 

Following sandblasting of the exterior, a rust inhibitive 
primier shall be applied to a dry film thickness of 3.0 
mil before any rust can form. The finish exterior 
painting using an alkyd resin based paint for outside 
service must be applied to the exterior of the adsorber 
before rust can form beneath the primer coat. 

5.2 UNDERDRAIN COLLECTION SYSTEM; There shall be a 
collection system at or near the bottom of the carbon bed 
to collect treated water across the carbon bed cross 
section. The water velocity profile across the diameter 
of each bed shall be uniform in the downward direction at 
the underdrain location. The collection device(s) shall 
have slots of a determined width to retain the Granular 

Activated Carbon and allow free passage of treated water 
with a minimum of pressure drop. The treated water is 
collected by this system and discharged from the adsorber 
to convey the treated water to the effluent pipe. In no 
case will material foreign to Granular Activated Carbon, 
i.e., sand ox gravel, be installed inside the adsorber to 
assist treated water collection. The underdrain 
collection system shall be constructed of suitable 
corrosion resistant materials such as PVC, Polypropylene 
or Kynar. In no case shall carbon steel be directly 
exposed to the granular activated carbon media. 

5.3 PIPING NETWORKt A process piping network shall be 
provided for each set of adsorbers that will enable the 
following functions to be performed: 

5.3.1 Treatment - Under normal operation, the full flow 
of up to 350 gpm shall be accepted at the system 
battery limits and directed to the two units 
operating in parallel or to the lead adsorber if 
operating in series. The interconnecting piping 
shall allow for parallel operation or for either 
adsorber to be operated as the lead adsorber in a 
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series operation. The effluent from the two 
units operating in parallel or fron the polish 
adsorber (either adsorber) shall be directed to 
the system battery limits for a single system 
effluent connection. 

5.3.2 Carbon Exchanoe - During carbon exchange, the 
adsorber being exchanged shall be isolated 
completely from the treatment process with 
waiving on influent and effluent lines. The 
process flow shall then either be reduced by 50% 
if operation is in parallel, or directed solely 
to the polish adsorber (to be lead adsorber after 
carbon exchange) in a series operation. 

5.3.3 Adsorber Backwash - The adsorption system piping 
shall enable the unit to be backwashed should an 
unacceptable pressure drop develop across the 
carbon bed due to introduction of filterable 
solids to the system. In case of backwash, the 
adsorber being backwashed shall be isolated from 
the process flow, as during the carbon exchange 
procedure. Carbon treated water at a rate of SSO 
gpm shall be introduced to the underdrain 
collection system, and, upon the top of the 
adsorber, be directed to a single connection 
point for all backwash connections at the system 
battery limits. NOTE: If units are to be 
backwashed, each adsorber shall contain only 
6,500 pounds of Granular Activated Carbon]. 

5.4 PROCESS/UTILITY PIPING: The process and utility piping 
on the Adsorption System shall include influent water to 
the system and treated water (4"), adsorber vent lines, 
(3" normal, 6" with backwash) and Granular Activated 
Carbon discharge piping (2"). The process or 
influent/treated water piping shall be installed such 
that the adsorbers can be operated in parallel or series. 
Bach adsorber shall have Independent vent, and carbon 
discharge lines. The design of the piping system is 
meant to treat water equal to or less than pH 7, or 
otherwise not corrosive to carbon steel material. 

With the exception of GAC discharge piping, all piping 
shall be carbon steel piping, constructed of ASTH A53, 
Grade B carbon steel rated for 150 psig at 500*F. For 
LH" or smaller, pipe shall be threaded, Schedule 80 pipe, 
and for 2" and larger, pipe shall be plain end. Schedule 
40' Pipe. 
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Carbon discharge piping to and including the shut-off 
valve and fittings shall be polypropylene lined steel per 
Dow chemical Company's HORAF PPL brand, rated at 150 psig 
to 225«F. Piping shall be Schedule 40, ASTH A53 steel 
pipe with 125 pound ASTH A126, Class A cast iron flanges 
and fittings. 

Compressed air and wash (spray) water piping (1>{") shall 
be threaded, Schedule 40 galvanized carbon steel pipe per 
ASTM A120, rated for 125 psig at 3'50*F for air service. 
Air supply to the carbon adsorption system shall be via a 
single point connection. 

The exterior of the piping shall be cleaned to a power 
tool grade (mechanical grade) finish and a rust 
inhibitlve alkyd metal primer shall be applied before any 
rust can form. A finish exterior painting of an alkyd 
resin based paint for outside service must be applied to 
the exterior of the piping before rust can form beneath 
the primer coat. 

5.5 PROCESS/UTILITY V^VES; The process and utility piping, 
excluding GAC fill and discharge piping shall be equipped 
with butterfly valves for flow control purposes. 
Butterfly valves to be cast iron, one piece wafer type 
body with aluminum-bronze disc and stainless steel one 
piece through shaft to mate with 150 pound ANSI flanges. 
Valve to be rated for 200 psig in closed position at 
212*F, and to meet or exceed all of the design strength, 
testing and performance requirements of AHWA 
Specification C-5Q.4-70. 

Valves on the GAC discharge pipe shall be full port. 
Type- 316 stainless steel ball valves with TFE seats and 
seals, wrench operated, with 150 lb. ANSI flanged ends. 

Valving for the compressed air supply shall be bronze or 
forge brass or barstock brass body regular port ball 
valves, rated for 500 psig at 100*F. 

5.6 AUTOMATIC SIPHON BREAK: The effluent from the Adsorption 
System shall be equipped with an automatic vacuum breaker 
to prevent draining of the Adsorption System and maintain 
the water level in the adsorbers above the carbon bed 
should influent flow be stopped. 

5.7 TRANSFER HOSE CONNECTORS: The Granular Activated Carbon 
piping shall be fitted with hose connectors, such that 
carbon transfer from the adsorbers can be facilitated 
with transfer hoses. These connectors shall be 2" Quick 
Disconnector Adapters constructed of corrosion resistant 
material as manufactured by OFN Division of Dover 
Corporation as Kamlok Part No. 633-F ox equal. 
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5.0 PLUSH CONNECTIONS; Two flush connections shall be 
provided on each GAC discharge line, one upstream and one 
downstream of the valve. Connections shall be welded 
into steel pipe or supplied in solid polypropylene 
"spacers" fox lined pipe. Flush connections shall 
consist of a short section of 3/4" pipe, and a 3/4" full 
port ball valve and 3/4" quick disconnect adapter to 
natch with water hose. 

5.9 PRESSURE RELIEF! A pressure relief device shall be 
provided., with relief capacity as required by ASME Code 
and hydraulic system analysis. Relief venting shall be 
integral to Adsorption System piping and directed to a 
common collection point. 

5.10 PRESSURE GAUGES; The process piping shall be equipped 
with pressure gauges to indicate the pressure of water 
entering and exiting each adsorber to provide information 
on pressure drops across each adsorber and the system. 
The pressure indicating gauge shall be 4%: (face diameter 
size) with a stainless steel bourdon tube in a glycerin 
filled housing. The gauge shall read 0-100 psig with an 
accuracy of II of full range, and shall be a Weksler 
AA44P - liquid fill or equal. 

5.11 STRUCTURAL STEEL SUPPORT SKID; Each adsorber shall be 
contained on a single structural steel skid. All steel 
contained in the skid shall be grade A36 carbon steel. 
The skid shall consist of two outside channels (HC 12 x 
50) with slotted holes in the bottom flange for anchor 
bolt installation, with all necessary cross bracing. The 
skid shall also include a superstructure consisting of 
vertical channels (C 8 x 11.5) and horizontal channels (C 
12 X 25) for lifting of the entire unit and pipe support. 
An operating area shall be provided on the skid including 
safety plate (at top elevation of outside channels) and 
location on the superstructure for attachment of pressure 
gauges and operating valves. 

All structural steel shall be cleaned to a power tool 
grade (mechanical grade) and a rust inhibitive alkyd 
metal primer shall be applied before any rust can form. 
A finish exterior painting of an alkyd resin based paint 
for outside service must be applied to the exterior of 
the piping before rust can form beneath the primer coat. 

All equipment items shall be installed on the structural 
steel skid and secured for shipment. Minor field 
connections shall be clearly noted, with any extra 
materials secured to, and shipped with the skid system. 
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6. GRANULAR ACTIVATED CARBON DESCRIPTION 

6.1 GENERALi Ten thousand (6,500) pounds of Granular 
Activated Carbon shall be provided and installed within 
each adsorber vessel. 

7. SERVICES 

7.1 START-OP ASSISTANCE: The system supplier shall be able 
to provide the services of a field engineer who will be 
responsible for inspection of the adsorption system, 
mechanical trouble-shooting, system start-up and operator 
training. 

8. WARRANTIES 

8.1 GENERAL; Equipment Warranties - Contractor will warrant 
the system to be free from defects in materials and 
workmanship for a period of 1 year from delivery of 
equipment. 
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APPENDIX D 

ATTACHMENT 2 

ACTIVATED CARBON COLUMN SYSTEM 

(GMG ASSOCIATES/TIGG) 



GMG ASSOCIATES 

PROPOSAL FOR; Remediation Technologies, Inc. DATE: October 30, 1989 
3040 William Pitt Way 
Pittsburgh, PA 15238 PROPOSAL NO: 89-0101 

Attn: Dr. John R. Smith 

GMG Associates is please to provide a quotation for a modular carbon 
adsorption system consisting of two (2) adsorbers containing 5,000 lbs 
of carbon each. The adsorbers will be supplied with all necessary 
piping and valving to allow series or parallel operation. 

I-A DESIGN BASIS: 

o 5,000 lbs granular activated carbon/adsorber. Each adsorber 
to be 6'-0" diameter x 10'-0" straight side. A 5 foot 
freeboard for backwashing is provided. 

ASME pressure vessels., coded for 100 psig 

Carbon steel construction (ASTM A516, Grade 70), with interior 
lining (15-20 mils) of Plasite #7122 AR epoxy-phenolic. 
Exterior painted with Sherwin Williams Tri-Clad II epoxy-
enamel. 

ASME flanged and dished top head; ASME toriconical (120 
degree) bottom head. 

Effluent collection system consisting of eight (8) 
collector nozzles discharging into a 30" diameter stainless 
steel Type 304 flanged and dished head. 

Design flow rate - 150 gpm. Influent and effluent flanged 
nozzles to be 4" diameter. Carbon inlet/discharge nozzles to 
be 4" diameter. 18" x 22" elliptical manway and two (2) 1" 
npt fittings for level indicators. Nozzles to be stainless 
steel with cbn. stl. lap joint flanges 

Piping to be carbon steel. Schedule 40, with butterfly valves 
(lever operated). 

Both adsorbers to mount to a structural steel frame which will 
be equipped with all piping and instrumentation. Framework to 
be painted with Sherwin Williams Tri-Clad II epoxy enamel. 

2501 CHELSEA ROW, MURRYSVILLE, PA 15668 
OFFICE: (412) 325-3462 FAX: (412) 327-0692 
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NBXTOX ® MODULAR ACTIVATED CARBON ADSORBERS 
FOR AIR POLLUTION CONTROL. 
PROCESS GASES 

Cast effective, preengineered units for 
permanent and disposable adsorber needs. 

• Soil Ventinq 
• Tank/Saparalor Vants 
• Air Eahausb 
• Vacuum Pump Eahauats 
• Orumming Slaiiona 
• Sawaga Odors 
• Air Stnppar Olscftargas 

NIXTOX Disposabie/Refillabie Models to 1500 CFM 
N50. 100 S lOOXP, 150, 250; N5000B. 750OB; 15000B. 
Economical deep bad units may be reflllad or discarded with spent 
aosorbent. Model numbers designate maximum flow m CFM. All fea
ture TIGG's patented'vapor distnbutors to permit full adsorbent utiliza
tion and peak removal' efficiency, at low pressure drop and low oper
ating cost (for example. NIOO. 55 gallon, contains 40% more adsorbent 
than competitive models with gravel bed supports, giving NIOO im
proved performance'and service life, half the flow resistance and lower 
shipping weight). Ram shields and condensate drains are standard. 
Saturabon indicator option shows whan the unit iS' 
about 70% exhausted, minimizing test expense, 
excess inventory, and noncompliance concerns. 
Standard construction Is corrosion resistant steel 
with stainless distributor. NIOOXP is built of cross-
linked polyethylene for extraordinarily corrosive 
duty. O.O.T. Specification 34, NIOO is a O.O.T. SB 
hazardous waste container. ^ 
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NIXTOX Radial Flow Models to 8000 CFM 
N50a 1000. 150a oooa larger segmantsd models 
This popular design treats large flows at very low pressure drop and 
small space requirements. Flow is from a central stainless screened 
distnbutor. outward through adsorbent axhausong through side 
stainless screened ports to atmosphere or into cabinets at nght Flow 
may be reversed as preferred. Units in this series are normally re
charged. with arrangements of disposable units used if adsorbent 
and vessel are to be discarded together. Condensate drams are stan
dard; saturation indicators are available opbons. Construction is 
corrosion resistant steel, with ^ 
stainless steel available on special 
order. N3000 Is the largest stan-

verslons of the design available 
for larger flows as ordered. 

Preni m mn NSOa Niooa NSOOa 
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NIXTOX BOXSORBER'" Models to 4000 CFM 
BoxsortMT 8x0, 8x8 
Newest of the NIXTOX series, BOXSORBSR (Patent Applied) facili
tates rapid response to spills and other heavy adsorption'workloads. 
Standard units are cubic, six or eight feet on a side, suitable for flows 
to 2200 and 4oaO<CFM respecavely. Tha unique dssign adapts wsll'to 
trailer mounting; or pennanent installation on leg. assemblies sup
plied by TIGG. The diagonal adsorbent bod allows eomplste removal 
or spent material by gravity, with provisions tor collection in drums 
or larger containers. Top hatches permit adding fresh'adsorbent by 

P-——— rN. gravity or airveymg aquipment BOX-
SORSea features a propnetaiy inlet/ 

N outlet baffle design to produce even 
flow dlstnbutlon over vaned flow rates, 
at minimal flow resistanea Units may be 
operated upflow or downflow. singly or 
in senes, with air inlet/outlet provisions 
at front, back or at either and. Conden
sate drains. >presaure relief disc lifting 
and tie'klown lugs and inapsetion 

hatches are standard. Construction is catalyzed high solids apoxy 
coated steel with stamiess stael adsorbent screens. All-stainless units 
are available on special order. 
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Accumulator Cabinets 
To collect flow from radial units at Ian 
for direction to axnaust stack, down
stream processing or recycle. Roller 
conveyors (axcapt NSOOO. wnich re
quires (orklift) assist m adsorber place
ment. Cabinets include gasxeted door 
adsorber retainer cnain. pressure relief 
disc, inlet/outlet stacxs. flex connect
ion for aosorber miei. and condensate 
dram. Construction is steel finished 
with catalyzed high solids epoxy. 
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CAN MODULAR ACTIVATED CARBON 
ADSORBERS FOR WATER POLLUTION 
CONTROL PROCESS LIQUIDS 

The wide selection of activated carbon CANSORBs is also supplied 
with activated aluminas, molecular sieves and ion exchange resins 
as purification needs require. 

UAnngnc (A cm CIS XR 
(Miaan OOL OS. (Ram CSO. 

e& C31 cm ma <aoO not iimm. 

•a CMOCRB imMn 
<?-7v ! 

Waste Mlnimiatatlon 
Aquifer Remedlatton 
Laboratory Wastes 
Process Streatns/Solvanls 
Spill Control 
Protect IX RO Units 
Waste Water/Wash Water 
Radioactive Waste Water 
Putnp Tests 

Disposabie/Reflllable CANSORB Models to 200 GPM 
CS. 15 a 15XP, 20, 25, 36, 50, 100, m 
Model numbers give maximum design GPM for water and other low viscostiy liquids. Maximum flow 
may be lower for viaoous liquids or to obtain ultralow impurity levels through extended adsorbent-
liquid contact time. A patented liquid collection system promotes even flow distnbutlon for efficient 
punflcation and adsorbent utillzatton, at low flow resistance Construction is double apoxy/phenolic 
or high solids apoxy lined steel. The CISXP vessel is cross-linked polyethylene for severely corrosive 
duty. D.O.T Specification 34. C15 is a D.O.T. SB hazardous waste container These units are panicular-
ly useful for collecting hazardous organic and radioactive wastes. 

Polyethylene Lined CANSORB HOS Models to 200 GPM 
C2SH0S, 35HDS. SOHOS, 7SH0S, lOQHOS. 20aHDS. 
Oeslgned for permanent installaoon or reuse on successive field jobs. HOS 
units have the flow geometry advantages deaenbed above, with extra refilling 
convenience due to separate adsorbent make-up and spent adsorbent dis
charge fitttngs. Model numbers refer to maximum water viscosity GPM per 
unit (see contact time comments above). Construction Is heavy steel shell 
completely lined with thick HO polyethylene. The separate adsorbent addl-
oon fitting and bottom side discharge valve allow refilling without discon
necting liquid piping or removing the bolted flange top. Units Include fork 
channels for handling, which double as a self-contained installation skid. 

UR ts ngnr CMHOSL CrOOMOS. CTSHOa 
C3SH0S. CSSHOa. CaaOHOS nol pwniiM. 

CANSORB SSL Stainless Steel Models to 200 GPM 
C25SSL, 35SSL. 30SSL. 7SSSL. 100SSL. 2aOSS(. 
Dished head and bottom SSL models are constructed of 304 L stainless steel, with separate ad
sorbent replacement fittings and liquid collection/flow advantages as descnbed for HOS units 
atmve. All-waided construction Is suited for permanent installations, transport for repeat use at 
various point sources, or quick-response trailer mounting. Larger units are provided with accwa 
manways. and all SSL modale include steel skids for fork truck handling and support after In-
stallabon. Model numbers give maximum design water flow, although operaoonai flow may be 
subject to contact time considerations as wall. 
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= LABORATORY, INDUSTRIAL 
== AND MEDICAL WORK SPACE 
^^=^1 ADSORBENT AIR FILTERS 

ActivatBd carbon, other sorbent filters minimize exposure to: 
Odors • Plastic Monomers • Metal Vapors • Anesthetics • Formaldehyde • Ammonia 

ENVIR0S0R8 LAB SENTRY™ 
Adsorbent AJr Filter 
For laboratonas in which dedicated fume ventilation is not avaiiabie. or 
in which hazardous vacors require control pnor to the chemical hood 
system. LAS Sentry" may be placed on counter or bench top. 
under a standard hood, or may be fitted with connections to 
an exhaust duct. Construction is ot brushed stainless steel, 
with tamperad safety plate observation window. The unit 
includas switch for worlt light and quiet electronic fan. 
electncal plug and cord, spill tray, filter gnlla. nnsabfadust 
filter, and activated carbon or other soroent filter. 

RY nodM II oienifM. Tliiiiiisar 
'^y*. lar Mwirenie loiainng 

I Moons. II o( iimilir oiwgn. 
I on otnir Ml of mil pipa; 

TIgg AOSORBONO™ Bonded 
Activated Carbon filters 
ENVIROSORB* laboratory and room air filters are available with an innovative adsorbent system in which the exclusive AOSOR* 
BONO" process unites adsorbent panicles into aiporous panel. The result is a lighter, dust free filter that eliminates handling spent 
adsorbent since the entire panel is fully disposable and combustible for safety and convenience. Replacement AOSORBONO" 
panels, or steal-framed punched plate panels for loose adsorbent panicles, are availaole from TIGG. 

ENVIROSORB OOOR MAGNET™ 
Room/Work Space Adsorbent Air Filter 
For spaces in which air fresheners or small 
activated carbon flltars are insufficienL 
Typical applications include hospital' and 
nursing home rooms, indoor pollution 
common to energy-conserving buildings, 
or areas in which workers are exposed to 
uncomfonable levels of anesthetics, sol
vents. fragrances or similar occupational 
contaminanon. Construction is pebbled 
aluminum with stainless steel top for work 
or Shelf surface. Casters provide easy move
ment over carpeted floors. A resilient bumper 
avoids damaging walls or lUmiture. The unit 
contains dual nnsable dust filters and actne 
carbompanels. A unique air pattern produces 
sffectNe air exchange and odor control at 
minimal power and nose level. Included are 
night light electncal outlet tor radio/TV or 
humidifier, and rheostadc control tor varied 
tan spaed, 
industnal 
versions 
may be 
ordered 
without 
night light 
electncal 
outlet 

—A customer put K best 
"It's like opening a window, 
but wittnut the energy loss." 
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SPECIFICATIONS and PROPERTIES 

• TIGG Dfqduea use no rwrvcUd mawnals or afliofBwiw. Inaullation/Coaranng mimjctians sam with aach unit 
• Sianaard adaoreanta ara activaiad careona. Saa SEUaCTIve AOSOHPTION on back paga far amar soinanta otiarad. 

Unit 

NIXTOXW 
N5a 
N100 
NIOOXP . 
NISO 
N2Sa 
NsaooB 
N7SOOB 
NISOOOB -
NSOO ..-'..iL 
N1000 
N1S00 
N30a0 
BaxaoroarSxC^ 
Boaaamaraxft:;^-

CANSORB , 
CS -"--'.'-J 
GTS 
CtSXF 
020 
025 
035 
csa 
C100 - • •. 
0200 • 
023H0S/025SSL 
035HOS/C355SL 
O30HOS/C30SSL 
CTSHOS/OTSSSC.'" 
CCTHOSCIOOSSL 
02DOHOSODOSSL...; 

-Oa 
CPM (CPM) in 

Connaedana 
NPT(Ouet) 

Dlamalaf/ 
|b| 

Adaa 
peunda 

Canlact «» 
Sao. (MIn.) 

101 
Pdunda 

?P-- Z»-w. 

(a) Par unit. Sanaa graaaura addinva on uoatraam unit(a). 
(b) Pnmary adaorearvaaaai. SiacM or fininga. pramountad tana. Mid 

supporta changa ovarail dinianaiona. 
(CI Suparficiai at fflaxiRium (low 

(d) Actlva carbon baaia. Othar adaorbams, prawattlng. pramouniad 
(ana will changa. 

(a) Availabla with nonaparking fana. aaploaion prool moiora. 
(I) Adaoroant normally shippad to fill on^ta. 

ENVIROSORB 0PM Votta/Hx Ampa UW/H. Inehaa Shipping ibai Ndla: 20*lowarOPM 

LAB SENTRY 25 115/50-60 ai 22/20/15 43 at 50 Hz. 
BENOH SENTRY 45 115/50-50 0.2 30/28/20 58 
OOOR MAGNET 125 115/5040 1.0 la/isni 48 

TVpa 
TIGG SO OaiO (NiXTOX) 
TIGG 50 1240 (OANSCnS) 
ENVIRCSORB 

STANDARD ACTIVATED CARBONS 
lodliM Nd. 

mg^g. mta 
1050 
1000 
1050 

-TaMi 
Walglit * I 

50 

Na 
min. 

230 

UA 

4X 10 
12X40 
4X5 

ItaL/eu. It 
31 
27 
31 

FLOW RESISTANCE 
NIXTOX MODELS 

awiMPMancwi 

CANSORB MODELS 
* * 
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OPERATIONAL NOTES 

SELECTION CRITERIA FOR C.RA ^ 

Forcvord 

Aithou^ Che ceim acsivaced carbon is used generically, i 
Depending on raw macenal, method and degree of actnrar 
applications. TICG Corporation does not manufacture a 
market development, produa development, research and a 
modular adsorbers, it is in TIGG's interest that prospects h: 
they may be considering; so they might avoid seiecting an ins 
with Che optimum adsorbent contents. Within constraints i 
key selection criteria. 

rntroduction 

Activated Carbons are a very versatile group of adsorbent! 
and cenain inorganic, materials. From medicinal uses of p 
whiskey barrels, carbon has been aaivated and used as an ai 
widely used in WWI military gas masks and, in the years b 
Granular liquid phase carbons achieved their first promine 
purification of antibiotics. Today, there are hundreds o 
environmencai control are counted separately, ongoing appi 

Adsorption/Adsorbents/Acrivated Carbon 

Since adsorpaon is a comparatively spedaiized technology, 
surface phenomenon, in which molecules of adsorbate arc 
equilibrium is reached between adsorbed molecules and thos 
atoms within the structure of the adsorbent are attraaed in . 
an unbalanced attractive force which the adsorbate m^'cra'!* 
at any surface, such as window glass or a table top. The char 
amount of surface area; normally via the wall area of slots, 
volume and unit weight. 

The type of adsorption adiich is dependent primarily on suri 
or impu^ concentration may shift the adsorption equOibriur 
electronic forceS'(Van der Waal's forces) responsible for adsi 
together, producing the phenomena of condensation and surfi 
adsorption being like iron particles attraoed to, and held by, 
type, but an important sub-ciassificadoa is chemiiwrption. Che 
and the adsorbent QS iSi or often reaction with a reageru whii 
Impregnated Carbons, below). Thus physical adsorption/de 
chemisotpdon alters ft. 

The surface phenomenon of a^rpdon may now be contraste 
physical strucnire of the other; for example, phenol dissotvii 
adhered by surface attraction to the outer of the fibers > 

Acnvared Carbon (activated charcoal) is an adsorbent derived i 
means have been used to remove most of the volatile noo-carfa 
yielding a structure with high surface area. The resulting car 
atoms derived from the ceUuiar arrangement of the raw matei 
in either event,the siiuciure will be laced with openings to appe 
structure. The surface i} charggeriaqqUynbnpplar, tha 
the active carbon surface high atlimiy for eompaiativeiy nonp 
activated carbon in this respect eontiasts with polar diiiiratutg, 
carbon will show limited afftnity for water via capOlaiy condeas 

TIGG CORPORATION 
BOX 11661 

PITTSBUflGH, PA 15228 

tstic 

• PREDICTING ADSORPTION PERFORMANCE 
TIGG Corporation s propnetary ADSORPTION PREDICTIVE TECHNIQUE (APTT" computer programs cw be very helpfal outlining me 
aciivated carbon requirements for given air or water punfication applications. The programs are denved from expenmenw Mt^ out are 
based on fundamental correlative relationships that link adsorption by carbons of known characteristics toime.properties of mdlviduai con-
taminants. Thus given a complete and accurate analysis (generalized descripnons such aa VOC, BOO. or COD are noruaenil. Out ppm or 
ppb analyses of individual components are) at tha expected impurities m.a defined flow, the resulting adsortient neadS'w be prMictao. 
The resulting savings in time and test expense may be significant. A modest charge la made for mis servica, reimbursable on.purchase of 
TIGG adsorbers. 

• SELECTIVE ADSORPTION 
Activated carbons are vary versatile adsorbents, such mat it would' be impractlcal to llstime many thousands of adsorbable qrganics. Inigen-
sral. mehigher an adaorbate's molecular weight and the lower itsvapor pressure or water solubility versus other components or the carrying 
stream, the more physical adsorption is enhanced. In addition, chemisorbents have been developed to remove certain problem materials 
mat would otherwise be poorly adsorbed: including hydrogen sulfide, lighter mercaptans and amines, ammonia, formaldahyde. mercury 
vapor and some radioactive compounds. TIGG also employs activated aluminas, ion exchange resins, molecular sieves and other daeiceants 
according to me punllcanon challenge. 

• ACCESSORIES/OPTIONS 
NIXTOX and CANSORB models are available with tan/motor or pump/motor combinations, ngid or flex prapiping, valves, quick disconnects, 
prsflltars. pcstfllters. totalizers, rotometers, flame arrestors, temperature and pressure gauges, adacrbants prawettad with water or omer 
process fluids, specialized adsorbents and cnemisorbents. 

• INSTALLATION/OPERATION 
All NIXTOX. CANSORB and ENVIROSORB models include the initial adsorbent fill and amve ready for operation. NIOTOX uriits ti^ically go 
on stream immediately, while CANSORB models are usually liquid backfilled and man put imaervice.^VlROSORB modela 
unpacked and plugged into an electrical outlet Detailed instructions are sent with each unit For NIXTOX and CAI^ORB. common aosoroer 
eonffgurations are: 

PARALLEL _ SERIES SINGLE 

•O' 
Tiiw Mni oaorconiroi For ni9ii Howninor 

sum*. 

o-
To fully 

tmiur 

• REPLACEMENT/RECHARGING 
Many NIXTOX and CANSORB models may be replaced when permitted by economics of extanded.servica life or for added conveniOTce 
In disposing of wastes. NlOO and CIS convert to D.O.T. SB hazardous waste containers. NIXTOX and CANMRB have no^ravel, screens 
or omer loose components to complicate removing spent adsorbent or refilling vessels. Larger NIXTOX and CANSORB uni^remort con
veniently empned by water/adsorbent slurry or vacuum wand: BOXSOflBER by gravity. Make-up adsorbents are.wailable from TIGG. He-
placamani of ENVIROSORB filters is simply a matter of removing the spent filter panel and replacing or retfiiing it 
Spent adsorbent may be discarded, added to boiler coal or otherwise incinerated, or may justify reacovadon ifavailable in sutficiant volume. 
The disposal method may be governed by the nature of adsorbate(s) on the spent matenal. 

SPECIAL PRODUCTS/SERVICES 

TIGG can design and fabncate products with custom modlfleatlona. to produca private label or other 
TIGG designs have won IR m and Pollution Eng/neenng's S-Star Product Advancamant awards. The AOSOHBCND Iwntf ̂ jsro^ Gtwm 
additional innovative adsorpbon po^ibilitlea. » these capabilibes might help solve a unique problem or attain your marketing goals, piaase 
wnta or call. 

Nixrox. CANaons aw mviROSone i I If* eiiopM p.as. Tioo I 
I MMy to nw luncBlan of I 

TIGG CORPORATION 
BOX ttae-i 

PITTSauRGH. PA 13228 

TSJEPHONE: (4ia 963-4300 
TELEX: 2SS312 TIQG PITT (RCA) 
CABLE: TIGOCOR PITTSBURGH 
TELEFAX: (412) 983-6136 



Aoparent Denritv 

The wlid, or skeletal, densiiy of moat activated carbons win range between 10-2.1 ̂ /cc, or about 12S-130 Ibs./cubic foot. 
Howwer. this woidd describe a mateiial with essentially no surface area and no adsorpdve capadcy. For GAC, a much more 
pracdcal densiiy is the apparent density (A.D.), or mass of a given volume of adsorbent panklei "niis density will be 
significantly lower than the solid densiiy, due to the presence of pores within parddes, and void space beiweeu partides. 
In most commeidal GACs, the AJ>. vaiiation is between 0.<M)J g./cc, or between 2S-31 lbs./cubic foot. 

Since GACs are in adsorbers of fixed volume, apparent densiiy values can be used to calculate volume acriviiv- which 
may help determine the woifc capacity of an adsorber with alternative carbon loadingi For <—rhnr carbon 
A adsorbs iodine to produce a standardized Iodine Number of 1100 mg/g.. and has an AJ). of 0.4 g/ce. Carbon B has an 
Iodine NumbCT of 9^ mg./g and an AD. of 0.5 g/ce. Multiplying the AD. by the weight basis aaivity valuer carbon A has 
a volume iodine capacity of 440 mg/cc: ̂ lile carbon B has a value of 475 mg/cc. Iherefore, carbon B, wfaidi has lower 
activity, might aoually do^more mtk and theteforeihaye a longer service life tl^ carbon A of an equal volume. If the piice 
of carbon B'pennitted filling a given adsorber with the greaterweight required, it could thus'be the most mwnrmimi of these 
adsorbents on a net cost basis. 

Stnee standard activity tests are tuawith oven dried carbon, it win be immediately apparent why AD. values that refiect 
added moisture win not produce the benefit mustrated above. Similariy, high' rfmnin'M due to significantly low activii^' levels, 
or ash or inactive char residue firam reactivation, or any noncarbon adulterants win not normaUy benefit service life nor the 
adsorbent's capabiliiy to produce highly purified Quids. 

Para'de Size 

The size of most GACs is given by the UB. Sieve range that wdi indude the majority of the partides in a disnibution'Of sizes. 
Typiolly'the lange wfil cover SS-95% of thO'total product, with a few percent slightly larger and smaner sizes permiaed by 
specification. A similar ^proach is occasion^ used with Tyler Screen or other screen sizes: FeUetized caibmi, although 
not izuly granular, often is described by the sieve range method, or by Hiamiw<.r of the peUets. 

Common vapor phase U.S. Sieve size ranges are 4x6,4x8,4x10,6x16 and 12c30. Liquid phase GACs are usualty somewhat 
smaOer, with 8x30,12^, 12B40 and 20x50 being common. Detailed sieve deso^oons are found in engineeting handbooks, 
so only a few representative sizes are given here: 

Opening 
US. Steve* Tvler Screen Equivalent ^ Millimeter 

4 4 0.187 4.76 
6 6 0.132 3J6 
8 8 0.094 238 

12 10 0.066 1.68 
20 20 0.066 0B4 
30 28 0.023 059 
40 35 0.017 0.42 
50 48 0.0U 030 

Since hnputity removal requires the diBusion>ofadsaibate into the intrapattide suuctnre; the rate of adsorption win incteaae 
as the.paitide size decreases. As fluid' flows through an adsorber, inczeased rate of adsorption will require lesa-adsotbent 
bed dqnh and contact time for the rqion in which the adsorbate is being removed. This fiuutional adsorption region is 
tetmed the wave front or mass transfer zone: However, with.ai^ given fluid, decreasing paitide size catries the 
liability of moeasing flow resistance or pressure drop. In pnctice,,panicle sizes are selected to prothice a reasonable balance 
between the competitive benefits of i^id rate of adsorption and effective removal, versus the tfahiHries of ineceased flow 
resistance ""f afwiaif higher pumping 

Hardness and abrasion'resistance aroigeneiailybeaefidal in all GACs, although their operational asafiiiness canvatygceat^. 
Wifhm common adsorber designs and operating ranges, all commercial GACs can withstand their own we^ and the 
pressure eflbets induced by fluid flow. Ttais in qrstems in which the GAC will be used once or handled vetyinfieqiient^, 
hardness ehatscietistics^ be of liide or no inqioit. Converse^, if the catbon will be su^ecttefiPBquaacliandttig for a 
regeneration step^ is sul^eaed to thetmal emursiona by regeneration in places or must resist etcesaive vibtatibn, hardness 
may become'quteimportanc. For ezan^le; fines'(dust) finm handling a soft caibon in a qetemus^ thetmal leacttvation 
may double or treble the losses in the reactivation foinaee itself, u solvent recoveiy syxaas oahig vwiiiiing qdes for 
regeneiation, carbons that fracnirs easi^ can ftequent^ raise pressure drop enough to lequire the adsoibeat be 
resereened and r^lenished, or replaced. 

In evaluating hardness numbers, it should be remembered that the GAC hardness test bas.no relation to the.hardness scales 
used forplastics, metals or miiierals. Acarbonof98 hardness is appreciably harder than one of 8IL but even hardermateiials 
such as diamond, steel'and copper, even though they differ in acnial hanhuas, win all npon as 100 on the basis of the GAC 
hardness tesa 



Ash 

If part of the carbon taw material, ash generally varies between 2-20 weight percent in commercial'GAGs. A poction of total 
ash may be water soluble, normally a greater amount add soluble, and the remamder deeper within the skeletal structure 
of the carbon tobe effectively insoluble. Ash from wood and nut shell carbons tends to be nch in alkaline metals, while that 
from coal largely oxides of aluminum, silicon and iron. For the limited instances in which traces of soluble or reactive ash 
are objectionable, GACs.prewashed with water or aads are available, or grades based on certain taw matetials.may iniiiini«v»% 
Che total ash level or paiticular ash components. 

Natural' ash is>noiinally not detrimental to the adsorption process, and standard activicy tests report GAC effideniy including 
the weight of the ash. However, in certain rqenerated GAGs, ash that is a residue of previous uses may block some or aU 
of the micropore soucture that is vital for removing organics to ultralow levels. Similaily, if ash is due to previous 
impregnation for another use, or due to any other adulterant, the carbon performance may be seriously compromised. 

2li 

Water artracts.of activated carbons aie used for reporting pH. Untreated coal base carbons are typically dose to neutrality, 
whUe nut shell and wood carbons are more alkaline. Most untreated GAGs vary between pH 6-10, but added adds or alkalis 
may further extend this range. 

In purifying water and aqueous solutions, the pH of the GAG should be contrasted with the preferred pH of the solution. 
Most organics are best adsorbed from slightly add, pH 5-7, solution. However, the beglnnmg pH of the GAG win not 
influence the pH of the treated solution very long (al^ough adsorbates being removed may alter soludon pH). 

Impregnated G.-irhnn< 

High surface area per unit weight or volume can make GAG an effective substrate for dispensing other materials in a 
manageable form. Impregnants may be catalysts, or they might be reactive chemicals added to improve the rate of 
adsorption, selectivity, or capacity for certain adsorbates. Examples of the latter would indude carbons with a faster rate 
of removal for hydrogen sulfide and other add gases, some with capability to remove ammonia and lighter amines, and some 
with enhanced capaaty for reduction of mercury vapor. Impregnated carbons usually retain 75% or more of the physical 
adsorption capability of the base carbon, so they are often used for combined ph^cal adsorpdon and chemisorpdon. 
Whether an impregnated GAG will be cost effective fretpiently d^ends on whether a particular adsorbate is the oiiiy, or 
primary, removal candidate. 

Reacrivarion 

As c^lained eariier, carbon activation is frequently carried out in high temperature furnaces, under mildly oxidizing 
conditions. As the name implies, reactivation refers to using a similar process to volatilize and oxidize the adsorbates on 
spent carbons. The term reactivation might be contmsted with regeneration, which refers to steaming or other methods to 
restore a portion of the GAC adsoiptive capacity, although cheiterms are commonly interchanged. Reactivation will almost 
always produce measurable changes in pore structure, due to aiiMrirmai oxidative sculpturing of the carbon surface and, 
frequei^, deposus of residual chars or inorganic materials. In a few cases, reactrvated GACs perform better than or as well 
as the virgin material, but in many others thm may be a defined loss of comparative eSdeacy or a gradually inoreasing loss 
of effioency. When loss of efficiency is encountered, it is normally most pronounced in the micropore snucture, the^ote 
it is most significant operationally when the last traces of contamination must be removed. 

Dedicated reactivation, in which a GAC win be segregated and returned to the same use^ tends to be more predictable than 
employing a reactivated GAC from a different previous uae^ or a nniture of reactivated GAGs from a variety of previous 
uses. However, dedicated reactivation is inqnactical' for spent GAC quantities under several tons. The cost effectiveness 
of reactivated versus virgin carbons can be understood to vary with the performance requiiemenis, the comparative vohune 
service life, and the volume cost of the material (cost per unit weight may be misleading as reactivated carbons frequently 
have higher apparent densities). Given the po^le variations in reactivated carbons, it win also be understood that a 
reputable supplier should always spedfy if vir^ or reactivated GAC is being offered. 

Quality Ayurapce 

GAC quality and uniformity wfll fundamentally relate to chanaeristics involving; (l)adsorption'capadqrand(2)aplqfaical 
deseiption of the produce The activated carbon industry, often in cooperation with A.S.TM. and other standards 
organizations, has developed a series of tests that measure these charaaetisties. As would be opected, such tests can be 
used both as production controb and, as published spedflationa, assurance for prospective buyeis. 

Not an GAC manuihcnirers and distributors publish adsorption specifications. Among those that adhere to specifications, 
the same precw group of rests may not be used. However, some correlation of values is usual^ possibls as, for example^ 
between the vapor phase carbon tecradiloiide test used in the U.S. and the benzene and acetone tesa more eofflmon in 
Europe and the Far East. 



Among phy5ical tests, the methods to deteimine moisture, apparent density and panide size or distribution are leiaiiveiy 
standard among manufacurers. Hardness or abrasion values may require some interpretation or ooirelation, as above. 

Teims such as "high quality; exceUent adsotption diaraaeiistics; hard; dense; etc.' are inadequate substitutes for 
speaiicanons. They offer no guidance for compatison. no assurance of quality, and no confidence of unifonniqr. 

Predicring Performance 

Many prospective GAC users will be consideting applications that are unique to some extent. Petiv^ the mix of impurities 
is unusual, or the system conditions or peribrmance required may benew. The uncertainty of these situations has histoiicalfy 
been resolved by testing. More recently, vapor and liqidd computer-assisted cotrelative techniques have been developed for 
usewhenuigency, lade of test'fluids, or costs make tests impractical; or to help g«rahii«ii testpiotooolsthae will yield the most 
useful informanon. A description of TIGG Coipotation's Adsorption Predictive Technique (AFT^ computer setvice is 
available on request. 

Experimental' GAC tests indude adsorption isotherms and column tests. Isotherms are .batdi tests which requite careful 
evaluation before eventual GAC performance in continuous adsorben may be prediaed. Column tests nay vary from 
laboratory bench to pflot or semi-commerdal scale. Sometimes results of such tests are termed treatabiliiy studies,'' and many 
useful results have been published. Unfortunately, some published'data do nor descnbe the methodology or adsorbents used; 
others, employ test methods, or data intetpretatioiis that are suspecL Therefore the literature can be a risky basis for 
determining GAC efifidency, although tests performed and inteipreted proper^ are quite dqxaidahle. Major GAC 
manufacturers, as well as fi^ such as TTGG Corporation which specialize in GAC equqnnent, can recommend test 
procedures and may have small scale adsorbers available. 

A very important evaluation caveat is that different GACs have differing effidendes for different applications. Thus a test, 
literature search or computer projection based on a particular GAC will not necessarily desoibe the performance to be 
antidpated from another GAC. 

Price 

Readers will appredate that, while not to be ignored, GAC price is rarely the leading factor in selecting an adsorbent. GACs 
of diveise effidendes, qualiues, sources and prices are in the marketplace. Price per pound or per cubic foot should be 
interpreted in terms of cost effectiveness. Cost effectiveness, in tum, may relate both to the GAC and the adsorber in which 
it will be applied, since even the optimum GAC will not overcome a deficient adsorber design. We hope that some of the 
comments^ in this guide will assist in selection of the most cost effective adsorbent. 

GAC Selection Cheddist 

Indrvidual applications m^ entail mai^ questiona r*""* cannot be anticipated in a brief The follawing generalized 
points are pettment to almost any application, and might at least provide a point of departun for mote focused inquiiy. 

1. Is there a complete and accurate descripdon of the application? 
2. Wni GAC adsorpdon work in the application? 
3. Any tests or lonowledgeabie performance projectioiia of GAC effiaency? 
4. Any guidance on the most efficient among alternative GACs? 
5. Does GAC have scandatd published specifications, piices? 
6. Do spedficadons support ocpectation of good petfoimance in the appliiation? 
7. If make-up is needed, is GAC soutoe unifoim and dependable? 
8. Is GAC viigin or reactivaced? reactivated, what are the dmtacterisdcs? 
9. How much of apparent densiqr mqr be due to moistuie, reaidue from reacthmlhm, 

or low activity? What is volume activity (see Appaient Densiiy)? 
10. Win GAC be applied in a well designed adsorb^ 

An overriding factor in outlining the proper GAC to use^ and predicdng expeaed lesujts, ii the aierempMible definition 
of the applicadon. Eventual p^ormance typically reflects the qiialhy of i^ormation used ibr initial tednrical jiidpnents, 
and seiectmg a GAC follows this txuism. 

Copyright 
TIGGCoi 

1988 
Coiporatiott 



NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) 
AND STATE DISPCrAl SYSTEM PERMIT APPLICATION 

:A, SHORT FORM C 

Please type or use black ink pen, to complete this form. 

Page T of 6 

Nijpihf": 

natp PproivpH 

Year Mo. Day 
For Agency Use 

1. Applicant, Authorized Agent, Consulting Engineer, and Facility informatTon 
A. Appiicant 
' Wame city of St. Louis Park, Department of Public Works 

Street Hlnnetonka Blvd. St. LOUIB Paik 
State Minnesota zi,p Telephone 92A-2551 

B. Applicant's Technical Agent 
Name James N. Grube Title Director of Public Works 
Street 5005 flinnetonKa uiva. CitV St. Louis Park 
State Minnesota 33^16' Telephone (612) 924-2551 

C. Applicant's Consulting Engineer 
Name Dr. John R. Smith, P.E. p^-pm Remediation Technologies, Inc. 

City Telephone (412) 826-33AO 

D. Facility Producing Discharge 
Name Groundwater Treatment Facility 

Street 7190 T.PVP Str-ppt ^City St. Louis Park 
State _ MT wnpgnt*a ^Zip 55416 Telephone (612) 924-2555 
County Township Range • Section 
Quarter 
Attach a map showing above location. 

2. Principal Activity/Product of Business 

A. Principal Product Produced or Raw Average Amount/ Maximum Amount/ 
Material Consumed Unit Time Unit Time 

NA NA NA 

Quantities above represent: (check one) 
Principal Product Produced NA Raw Material Consumed NA 

8. Number of Employees MA 
C. Brief Description of the iDispOSal System: Pretreatment of pumoed groundwater 

with potassium permanganate and sand filtration for iron and manganese 
removal. To be follwed by activated carbon column treatment for removal of 

nrffflTl^r rnnt-aminanta. Discharge into Storm sewer to Minnehaha Creek. 

3. Current or previous permit number (NPDES or State Disposal System Permit) 
POTW Permit Application made - Letter of authorization granted by Louis 

J. Breimhurst, Metropolitan Waste Control Commission - 6/19/87. 

MPCA-C-9/79 PQ-0040 6-01 (s/ss) 
NA - not Applicable 
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4. Reason for Application (check one) 

A. New Facility If this is a new facility, give date 
B. Expiration of Existing Permit xxx discharge began or is expected to begin: 
C. Modification to Existing Facility ; September. 1990 
D. Agency Request 
E. Other, specify xxx 

•Groundwater pumping Is required at the St. Louis Park superfund site as 
jjart of a consent decree between the City of St. Louis Park, U.S. EPA, MPCA, 

and Reilly Industries, Inc. 
5. Has an Environmental Imoact Statement (EIS), Environmental Assessment (EA), or an 

Environmental Report ever been written for this facility? Yes No 

6. Water Treatment 

A. Identify all water treatment additives used, including comrnercial names of the 
products, amount used (concentration), frequency of treatment, and the use of the 
treated water (e.g. non-contact cooling water treated with 10 ppm "Watco 999" 
for two hours once a week). Potasslulm permanganate - between 7 to 17 ppm 
continuous dosage to be added to pumped groundwater prior to sand filtration 

and activated carbon column treatment prior to discharge to Minnehaha Creek. 

Exact amount of tMnOA depends upon influent concentrations of iron and manganese. 

• No water treatment additives used. 

B. Attach information on the aquatic toxicity and/or chemical composition of the 
products listed above (see instructions). See Attached MSDS 

7. System Modifications 

A. If submission of application is due to the expiration of your permit (4B above), 
and there have been no significant changes to your system (production increases or 
deceases, facility expansion, process modifications, including waste treatment 
facility changes, etc.), check here , complete the date, title and signature 
blocks on last page and return the original application to the Minnesota Pollution 
Control Agency without completing the remainder of the questions. If this is not 
the case proceed to 1tem(7.B.) 

B. If changes/modifications such as those listed in (7.A.) have been made to your 
system since Issuance of your last permit, give a brief description of these 
changes and continue to item (8.): Treatment for pumped groundwater has been 

provided as described In 6A. Previous discharge was to POTW, no treatment was 

required. ' 

8. Water Data 
Quantities 

A. Water Source (Gallons Per Day) 

1 Municipal or commercial water supply 
Surface water, name 

3^ Groundwater, Intake location Piatteviiie, Drift & u.z nuu 
4 

:A ^ ' '79 

Other, specify Pratirle du Chlen/Jordan Aquifers 
Quantities above are: (check one; tstimated average Actual averages. 

Estimated Maximums MCX Artual fiaximums 
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B. Water Use 

Type of 
Wastewater 

Quantities 
(Gallons/ 

Day) E/A* 

Treatment System 
(e.g. aerated pond, settling 
pond, cooling tower, septic 
tank, dralnflelid:, spray Irrlq) 

Final Disposal 
(e.g.. munlc. sanitary 
sewer, storm sewer, tile, 
ditch. Rum River, soil) 

(1) Process water -
Describe:-

(2) Contact cooling 
water 

once-through 
recycled 
barometric 
condensor 

_avg 
max 

_avg 
"max 

(3) Non-contact 
cooling water 

once-through 
recycled 

_avg 
"max 

_avg 
"max 

(4; Sanitary waste 

(5) Floor drains 

_avg 
"max 

_avg 
"max 

(6) Surface runoff 
collected before 

discharge 
not collected 

_avg 
"max 

(7J Other, specify: 
Groundwater 

_avg 
max 

Q.lSMGQivq 
0.2MGD max 

Potassium Permanganate/Sand 
Filtration & Activated Carbon 
Column Treatment 

Storm Sewer 

' E = Estimated Flows A = Actual Flows 

1(8) On a separate page., provide a schematic diagram (flow chart) showing the route(s) of 
wastewater flow through the treatment facility from the water source to the discharge 
point. See'attached Figure 4-1 (Drawing Number 189-1005) 

MPCA-C-5/79 
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9. Discharge Frequency 

Type of Water Discharged Hours/Day 

A. Point Source Well 24 

Months of Discharge: Ongoing 

Days/Week 

7 

Weeks/Year Other. Specify 
365 

B. - -

Months of Discharge: 

C. 

Months of Discharge: 

10. Check the appropriate space(s) If your discharge contains or It Is possible for your 
discharge to contain one or n»re of the following substances as a result of your opera
tions, activities, or processes. 

11. 

algaecldes 
aluminum 
ammonia 
beryl Hum 
cadmium 
chlorine 
(residual) 

chromium 
copper 
lead 
mercury 
nickel 
oil & grease 
phenols 

XX" 

XX* 

polychlorinated 
b1phenyls (RGBs) 

radioactivity 
selenium 
zinc 
none of the above 
others, specify XX* See attached St. Louis Par' 

PAH List 
, complete the date. If no wastewaters are discharged to surface waters, check here 

title, and signature blocks on the last page and return the orlgTFal application to the 
Minnesota Pollution Control Agency without completing the remainder of the questions. 
If wastewaters are discharged to surface waters, proceed to Item 12. 

12. Number of separate discharge points to surface waters: \ 

13. Route to receiving water (e.g., ditch to Mississippi River, storm sewer to Twin La 
city tile system to ditch to Rice Creek, etc.): storm sewer to Minnehaha Creek. 

.Lake, 

Raw water to treatment system would contain these 
parameters. The treatment system as described in 6A is 
designed to remove them. 

MPCA-C-5/79 
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O 
14. If this facility has never been itssued an NPDES permit and if any of the following 

parameters apply to your discharge. Indicate present concentrations measured at the 
potnt of discharge from the facility for each discharge point. Samples shall be 
collected during periods of representative discharge. 

A. Type of wastewater analyzed; Pilot 

-V: 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 

contaminated 
Parameters 

BOD5 {5-day Biological Oxygen Demand) 
Total Suspended Solids 
Fecal Coliform** 
PH 
Temperature - winter 
Temperature - suimer 
Turbidity 
Nutrients, specify: 

Other, specify:*** 
PAH - SLP List 
Phenollcs 

Study Discharge' - Post Treatment 
groundwater 

of 

"G— 
T 
-5— 
"G— 
G 

Concentration 
i.ff 

inFTIT 

5=8-
"STT 
"TU" 

mg/1 
mg/1 
MPN/100 ml 
standard units 
•F 
•F 
JTU 

G Not Detected|ng/1 

G 
TT 

10 ng/L 
O.OUb mg/L 

B. 
Dissolved Oxygen 

Type of wastewater analyzed: 
2.U mg/L 

O 

1. BOD5 (5-day Biological Oxygen Demand) 
2. Total Suspended Solids 
3. Fecal Coliform** 
4. pH 
5. Temperature - winter 
6. Temperature - summer 
7. Turbidity 
8. Nutrients, specify: 

9. Other, specify:*** 

C. Type of wastewater analyzed: 

mg/1 
mg/1 
MPN/lOO ml 
standard units 
•F 
•F 
JTU 

mg/1 

O 

1. BOD5 (5-day Biological 0:^gen Demand) 
2. Total Suspended Solids 
3. Fecal Collform** 
4. pH 
5. Temperature - winter 
6. Temperature - summer 
7. Turbidity 
8. Nutrients, specify: 

9. Other, specify:*** 

mg/1 
mg/1 
MPN/lOO ml 
standard units 
•F 
•F 
JTU 

mg/1 

Sample type: G-Grab sample C<omposite sample 
Fecal Collforms shall be expressed as a geometric mean (see Instructions) 
Analysis should be completed for all Items checked in question 10. 

MPCA-C-9/79 NA -• Not Applicable 
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15. Attachments (check attachments enclosed) 

Location map *** _ 
Flow diagram xxx CDWG 189-1005) Figure 4-1 
Other, specify smouis Park PAH List 

Analytical Results 

. _ Potassium Permanganate MSDS 

I certify under penalty of law that I have personally examined and am familiar with 
the information submitted in, the attached document; and based on my inquiry of those 
individuals immediataily responsible for obtaining the information, I believe the 
submitted information is true, accurate, and complete. I am aware that there are 
significant penalties for submitting false information, including the possibility 
of fine and imprisonment. 

Signature of Applicant Printed Name of Person Signing 

Title Date Application Signed 

>CA-C-9/79 
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MPCA SHORT FORM C - SPECIFIC INSTRUCTIONS 

I Instructions for completing the National Pollutant Discharge Elimination System (NPDES) 
and State Disposal System Permit Applicatiion - MPCA Short Form C. 

Comoliete this form being sure that each item is considered and the required data sub
mitted. Check the items which most nearly apply to you and your operation. If an item 
does not.apoly.'please enter in the appropriate place "Not Applicable" or "NA" to show 
that the item was given consideration. 

1. A. Applicant - The person, agency, firm, municipality, or any other entity which 
owns or is responsible for any disoosal system. Enter the name of the applicant 
as it is officially or legally referred to. Do not use colloquial names as a 
substitute for the official name. Use the complete mailing address of the 
applicant's main office. (This often will not be the same address used to 
designate the location of the facilities.) 

B. Applicant's Technical Agent - Give the name of a person who is thoroughly 
familiar with the facts reported on the apolication form and who can be contacted 
by the State offices, and other agencies involved in permit aoplication orocessing 
and review. 

C. Apolicant's Consulting Engineer - Give the name, firm name, city, and telephone 
number of the engineer who prepared reports, plans and soecifications for the 
facility if different than l.B. (If same, so indicate.) 

D. Facility Producing Discharge - Give the name and address of the facility pro
ducing the wastewater if different than l.A. (If same, so indicate). Also pro
vide a legal description and map of the facility. 

2. State the product produced or service provided at this facility, the average amount 
of product produced, raw material consumed, or any other tyoe of measurement to in
dicate the size of the operation during a given period of time (e.g., milk distribution, 
20,000 lbs/day: mining of iron ore, 5,000 tons/day; slaughterhouse, 10 beef/day etc.). 
Also include the number of employees and a brief description of the disposal system. 

3. List any previous application or permit, NPDES or State Disposal System, for the 
facility and give the date of application or oermit issuance date. 

4-. Indicate the reason for submission of this application. 

5. Indicate whether or not an Environmental Imoact Statement, Environmental Assessment, 
or Environmental Report was ever written for this facility. 

6. A. Identity all water treatment additives used in flows which discharge to waters 
of the state. Include the comnercial name of the product, the amount or con
centration of the oroduct used, the frequency of trea<tment, and the use of the 
treated water (process., cooling water, or other usage - specify). Additives 
used in flows which discharge to municipal sewage treatment systems need not be 
reported here. 

B. Obtain aquatic toxicity and/or chemical composition information on all water 
treatment additives used. This information should be obtained through your 
water treatment consultant or supplier. Attach this information to the 
permit application. 

CA-C-5/79 
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10. Check any of the listed items that are present or may be present in the wastewater 
as a result of your facility's operation. 

11. If your facility does not discharge wastewater to surface waters (e.g., a lake, 
creek, river, swamp, ditch, storm sewer, etc.), check the block, proceed to last 
page and complete signature, title, and date blocks. Return the original applica
tion to the Minnesota Pollution Control Agency's address shown in-7.A. above. If 
any wastewaters are discharged to surface waters, proceed to item twelve (12) and 
Gomplete the application form. 

12. Separate discharge points are defined as an easily identifiable, completely or 
partly enclosed container or channel through which the wastewater is discharged 
into a body of water; for example, a pipe, ditch, culvert, tile system, refuse 
container, barge, boat, etc. 

13. Describe the methods of conveyance used to transport the wastewaters from the dis
charge point to the first main surface water. Whenever possible use the name of 
the waterway as shown on published maps. If the discharge is to an unnamed tribu
tary, give the name of the waterbody fed by the tributary and identify as "tributary 
to (name of waterbody)," (e.g., "ditch to Mississippi River", "Unnamed Creek to 
Spruce Lake", etc.). 

14. If your discharge waters come in contact with any of your processes, are used as a 
cooling agent, or are contaminated in any way, measure aporopriate parameter con
centrations and indicate the type of wastewaters in which the concentrations occurred 
(e.g., process, cooling, sanitary wastewaters). 

••Geometric mean - the n^^ root of the product of n factors. For example, 
given the measurements of 4 MPN/100 ml, 7 fffN/lOO ml, and 5 MPN/100 ml, n = 3. 
Therefore, the geometric mean=^4x7x5)= = 5.2 MPN/100 ml. 

15. Please check or "specify the attached maps, diagrams, etc. 

Signature of Application - The person who signs the application form will often be the 
applicant himself; when another person signs on behalf of the applicant, his title or 
relationship to the applicant should be shown in the space provided. In all cases, 
the person signing the form should be authorized' to do so by the applicant. An appli
cation submitted by a corporation must be signed by a principal executive officer of at 
least the level of vice president. In the case of a partnership or a sole proprietorship, 
the application must be signed by a general partner or the proprietor, respectively. In 
the case of a municipal, state, federal, or other public facility, the application 
must be signed by either a principal executive officer or ranking elected official. 

Return the original copy of this application to the Minnesota Pollution Control Agency 
address listed in item 7.A. 

Effective April 7. 1986, the Minnesota Legislature adopted rules reguiring the Minne
sota Pollution Control Agency to collect fees for all applications submitted for per
mit issuance. This fee us reguired under Minnesota Laws 1985, First Special Session, 
Chapter 13. A fee of $50.00 is reguired for this application. 

PLEASE REMIT THE $50.00 ALONG WITH THIS APPLICATION', PAYABLE TO THE 
MINNESOTA POLLUTION CONTROL AGENCY 

MPCA-C-9/79 
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Engineering Evaluetlon Report for 
Treatment of Pumped Groundwatere 
at SL iLoula Park, MInneeota 

PAGE - 7 

Ni 
i 

lEXISTlNG „ 
WELL No. 33 \ 

\ 

EXISTING \o 
iT 

EXISTING 
M.H. 930 

APPRDX. PATH DF 
NEV CDNNECTIQNG PIPE 

STftTE 

PROPOSED' AT GRADE 
INTERSECTION DF 
LOUISIANA AVE. ti 
STATE HIGHWAY 7 

Con»ultqnl». Inc. 
M3IH!0n I. UOPg I ll-lft-89' 

I k art k iM M •< qk lta M t fe Ml I 
ikMaaMM»vkM»ka|<«*MMW«iwkkMad d | I I il»li 

Ikli 

LM. O.LM; 

WELL LOCAillGNS 
W23, W105, W420 & W421< 

St. Louis !Pork, MM 

11-20-89 1"=200' 

RETEC 
RMQUIUM 

1EQWaj»ESHC. 

189-1004 



FIGURE 4-1 

FULL-SCALE TREATMENT SYSTEM FOR 

REILLY INDUSTRIES' SITE 

POTASSIUM PBmCANATE 
CHBUCAL fEB) SrSTBI 

CFS-1 

P-1 
MSJ-

EFFLUBfT 

OYHASAMD 

DSF38 

FILTER 

REJECT , 
(10 cm , 

SANITARY 
SEWER 

BOOSTER PUMP 
(135 (m 

SM-1 

/////mm 
STATIC MIXER 

FLOW 
(31 GPO) 

ai MTU AR / 
SOLUnON / 

OB11CAL / 
HOLDING^/ 
TA»#C O(o 
7.000 GALLON 

CAPACITY 

BACKWASH 
ft FPn 

(5 GPM) 

BACKWASH 

HOLDING 
TANK (T-2) 

7,000 GALLON 
CAPAOITT 

W23 (00 (m 
P-3 

wi2e (50 cm 

Wi21 (30 cm 

1^ GPM 
TOTAL FLOW 

cotmssoR 
I - 3 SCR1 Q 25 PSI 

- CHECK VALVE 

- BALL VALVE 

PUMP - PROCESS WATERS 

- BACKWASH WATERS 

ftg^lSlON 

DLM SFG 

Treatmeot System for 
Rellly Industries' site 
at St. Louis Park, PN. 

Schematic Diagram 

15-N0V-89 NONE 

^ETEC 
REMEDIATION 

TECHNOLOGIES INO 

189-1005 

Engineering Evaluation Report for 
Treatment of Pumped Groundwaters 
at St. Louis Park, Minnesota 

PAGE - 30 



ST. LOUIS PARK - PAH 

PABAMETER 

POTEMTIAL CARCINOGENS 

Qufnolfra 
Benzolalanthraeena 
Chryaene 
aanzo<b)fluoranthena 
Benzo(k}fluoranthona 
BenzoCalpyrone 
Indeno(1,2,3-c,d)pyrene 
D f benzo(a,h)anthraeeno 
Benza(B,h,f}pyrene 

OTHER PAH 

2,3-Benzofuran 
2.3-OHI 
Indane 
Naphthalene 
Benzo(b)thiophene 
Indole 
2-Nathylnaphthalene 
1-Nethylnaphthaleno 
Bfphenyl 
Aeenaphthalene 
Acenaphthene 
Bibanzofuran 
Flourene 
Di banzothiophena 
Phenathrena 
Anthracana 
Acrfdina 
Carbazola 
Fluoranthena 
Pyrena 
Benzolo)pyrene 
Perylena 
T, lE-Olmethylbanzanthi 
0ibenz(a,e)anthracena 
3-Nathylehotanthrana 



: PRRRHETERS NO. OF : 
PAH RINGS 

CONWHriONRL (Hg/L)i 
Phmolics M-fWP) 
pH (units) 
Total Dlssol^d Solids 
Total Suspondod Solids 
BiochoHical OKygon Donand 
ChoHleai OMygon Danand 
Total Organic Carbon 
Oil and Oroaso 
Hardnoss (as CaCOS) 

NUTRIENTS Cng/L)i 
Orthophosphato as P 
Rnnonia Hitrogon as N 
Nitrito as N 
Nitrato as N 

NETALS (ng/LJi 
Iron-Total 
Iron-Forrous 
Iron-Filtarod 
Nanganoso-T otal 

PRH by HPLC (ug/L>t 
Carbazolo 
Haphthalono 
Rcbnaphthylono 
Reonaphthdno 
Fluorono 
Phonanthrono 
Rnthraeono 
Fluoranthono 
Pyrono 
Bonzo Ca> anthracono 
Chrysono 
Bonzo Cb> f1uoranthono 
Bonzo Ck> f1uoranthono 
BonzoCa)pyrono 
Di bonzo(a,h> anthracono 
Bonzo(g.h,i)porylono 
Indono(I,2pB-e•d>pyrono 

3 
2 

TRBU 5-10 
ST. LOUIS PRj^WERTRBlLirV STUDV 
NPDES PERHIT^PLING RESULTS FOR: 

CONUENTIONRL/NUrRIENfS/NETRLS/PRH by HPLC 

INFLUENT 
MEEK 1 
EFFLUENT BLRNK INFLUENT 

MEEK 7 
EFFLUENT BLRNK INFLUENT 

Hook 13 
EFFLUENT BLRNK 

O.OTd 
7.9 
S73 

10.0 
5.93 
U.6 
7.15 
G.OO 
953 

0.010 
1.00 

0.020 
0.020 

1.G90 
0.911 
0.100 
0.379 

2.30 
755 

89.0 
98.9 
13.3 
7.21 

<0.500 
<0.200 
<0.200 
<0.020 
<0.ISO 
<0.020 
<0.020 
<0.020 
<0.030 
<0.0M 
<0.050 

< 
< 
< 
< 

0.005 
7.8 
580 
16.0 
1.00 
10.0 
i.bo 
6.00 
993 

0.030 
i.bo 

0.020 
0.020 

0.100 
0.100 
0.100 
0.039 

<2.00 
<2.00 
<2.00 
<2.00 
<0.200 
<0.500 
<6.500 
<0.200 
<6.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050 

< 
< 
< 
< 

0.005 : 
7.6 : 

1.00 ; 
1.00 : 
1.00 : 
10.0 : 
1.00 ; 
6.00 : 
1.00 : 

: 
• 

0.019 1 
1.00 : 

0.626 : 
0.033 : 

: 
I 

0.100 : 
0.100 ! 
0.100 i 
0.015 ! 

». I 

< 
< 
< 
< 

< 
< 

0.06 
7.5 
711 

19.0 
9.92 
32.0 
7.06 
5.06 
971 

0.010 
1.00 

0.020 
0.020 

2.120 
0.100 
0.100 
6.361 

NR 

0.005 
7.5 
693 
2.0 
1.00 
10.0 
2.53 
9.11 
975 

0.010 
1.00 

0.020 
0.020 

0.100 
6.166 
0.100 
0.299 

<2.00 
<2.00 
<2.00 
<2.00 

<0.200 
<0.560 
<0.500 
<0.200 
<0.200 
<0.020 
<0.150 
<0.020 
<0.020 
<0.020 
<0.030 
<0.050 
<0.050. 

0.005 
6.6 

1.00 
1.00 
1.00 
10.0 
1.06 
5.00 
2.20 

: 
0.010 ! 

1.00 : 
0.020 i 
0.020 : 

0.100 : 
0.110 : 
o.ioo : 
0.015 : 

6 

NR 1 
: 
! 
: 
J 
: 
; 
: 
! 
i 

0.129 
7.6 
715 

1.00 
7.20 
20.0 
2.96 
5.00 
501 

0.010 
1.05 

0.020 
0.020 

1.980 
0.118 
0.100 
0.379 

11.1 
797 
106 

60.2 
19.9 
7.03 

0.691 
<0.206 
<0.200 
<0.626 
<0.150 
<0.020 
<0.020 
<0.020 
<0.036 
<0.050 
<6.050 

0.012 
7.6 
730 
1.00 
1.00 
28.6 
5.26 
6.00 
959 

0.010 
1.00 

0.020 
6.020 

0.100 
6.100 
0.100 
0.691 

<2.00 
<2.00 
<2.06 
<2.60 

<0.200 
<0.506 
<0.500 
<0.200 
<0.200 
<0.020 
<0.156 
<0.020 
<6.626 
<0.020 
<0.030 
<6.050 
<0.050 

0^005 
5.6 

9.00 
1.60 
1.00 
10.0 
i.6o 
6.00 
1.00 

0.010 
1.00 ; 

0.020 : 
0.020 ; 

I 
I 

: 
0.100 : 
6.100 ! 
0.100 : 
0.015 I 

NR 

: Total Datactabla PRH 920.7 0.0 0.0 996.9 0.0 

Notat Rnalysss by KER. 
NR - indicatas not analyzad. 
< - raprasants lass than datactabla concantrations. 



POTASSZUM PERMANGANATE PAGE 01 OP 05 

POTASSIUM PERMANGANATE 
POTASSIUM PERMANGANATE 
POTASSZUM PERMANGANATE 

MATERZAL SAFETY DATA SHEET 

PZSHER SCXENTZFZe EMERGENCY CONTACTSi DATE: Ol/.OS/SS 
CHEMICAL DZVXSION GASTON L. PZLLORI PO MBRi lOSO WILL C 
1 REAGENT LANE CZOl} 736-7130 ACOTi 023801-01 
FAXR iLAWN NJ 071-10 ZNDENi 01'83001-01-'^a 
C2ai3 736-7100 CAT MOi P2735a0 

THE INFORMATION BELOW IS BELIEVED TO BE ACCURATE AND REPRESENTS THE BEST 
ZNFORMATICN CURRENTLY AVAILABLE TO US. HOWEVER. WE MAKE NO WARRANTY OF 
MERCHANTABILITY OR ANY OTHER WARRANTY. EXPRESS OR IMPLIED, WITH RESPECT TO 
SUCH INFORMATION, AND WE ASSUME MO LIABILITY RESULTING FROM ITS USE. USERS 
SHOULD MAKE THEIR OWN INVESTIGATIONS TO DETERMINE THE SUITABILITY OF THE 
INFORMATION FOR THEIR PARTICULAR PURPOSES. 

'"'sUSSTANCE'ioENTiFICATION"" 

OAS-NUMBER 7722-61-7 
SUBSTANCEi POTASSIUM PERMANGANATE 

TRADE NAMES/SYNONYMSi 
CHAMELEON MINERALf C.Z. 7777S5| PERMANGANATE OF POTASHi CONDY'S CRYSTALS, 
CAIROX, PERMANCANZe ACID POTASSZUM SALT, STCC 1-31871-0., UN 11-30| P-273| 
P-287, ACC1352a 

CHEMICAL FAMILY, 
INORGANIC SALT 

MOLECULAR FORMULA, K-MN-01-

MOLECULAR WEIGHT, 158. 01-

CERCLA RATINGS C SCALE 0-3 3., HEALTHS 3 FZREsO REACTIVITYsO PERSISTENCES 3 
NFPA RATINGS' C SCALE 0-1-3, HEALTHsl FIREs 0 REACTIVITYsO 

'COMPONENTS AND CONTAMINANTS 

COMPONENT, POTASSIUM PERMANGANATE PERCENT, 100 

EXPOSURE LIMITS, 
POTASSZUM PERMANGANATE, 
5 MCCMN3/M3 ACGIH CEILING 

100 POUNDS OERCLA SECTION 103 REPORTABLE OUANTITY 

DESCRIPTION, ODORLESS, DARK PURPLE OR BRONZE-LIKE RHOMBIC CRYSTALS WITH A BLUE 

METALLIC SHEEN, SWEETISH; ASTRINGENT TASTE 

MELTING POINT, 1-61- F CZ1>0 03 DBOOMPOSES SPEOIFIC GRAVITY, 2.703 

SOLUBILITY IN WATER, 8.38« 

SOLVENT SOLUBILITY, METHYL ALCOHOL, ACETONE, SULFURIC AOIO. BBCOMPOSBS BY 
ALCOHOL AND OTHER ORGANIC SOLVENT AND CONCENTRATED ACIDS. 

FIRE'AND'EXPLOSION'DATA" 
FIRE AND EXPLOSION HAZARD, 
DANGEROUS FIRE AND EXPLOSION HAZARD BY CHEMICAL REACTION. POWERFUL OXZDIZZNG 
AGENT; ZMCREASES FLAMMIBILZTY OF COMBUSTIBLE MATERIALS. EXPLOSICM MAY OCCUR 
WITH ORGANIC OR READILY OXIDIZABLE MATERIALS. EITHER WHEN DRY OR IN SOLUTION. 

FIREFIGHTING MEDIA, 
DRY CHEMICAL, CARSON DIOXIDE. HRLON OR WATER SPRAY 
C1387 EMERGENCY RESPONSE GUIDEBOOK. DOT F 5800.1-3. 

FOR LARGER FIRES, USE WATER SPRAY OR FOG 
C1987 EMERGENCY RESPONSE GUIDEBOOK. DOT P 5800.1-3. 

FIREFIGHTING, 
MOVE CONTAINERS FROM FIRE AREA IF POSSIBLE. COOL CONTAINERS EXPOSED TO FLAMES 
WITH WATER FROM SIDE UNTIL WELL AFTER FIRE IS OUT. STAY AWAY FROM STORAGE TANK 
ENDS. FOR MASSIVE FIRE IN STORAGE AREA. USE UNMANNED HOSE HOLDER OR MONITOR 
NOZZLES, ELSE WITHDRAW FROM AREA AND LET FIRE BURN C138T EMERGENCY RESPONSE 
GUIDEBOOK. DOT P 5800. 1-. GUIDE PAGE 353 

USE FLOODING AMOUNTS OF WATER. COOL CONTAINERS WITH FLOODING QUANTITIES OF -
WATER, APPLY FROM AS FAR A DISTANCE AS POSSIBLE. EVACUATE TO A RADIUS OF 
2500 FEET FOR UNCONTROLLABLE FIRES. 

OEPARTMENT OF TRANSPORTATION HAZARD. CLASSIFICATION 1-3CFR172. 101,. 
I I* 



POTASSIUM PeRMANCANATI- PACE 02 OP 05 
OXZOXZSR 

OePARTMENT OF TRANSPORTATION LABELING REQUIREMENTS i-SCPRlTa. 101 AND 172. <PCai 
OXIDIZER 

OEPARTMENT OF TRANSPORTATION PACKAGING REQUIREMENTS! •P9CFR173. ISt- AND 
M-9CFR173. 19t-

EXCEPTIONS! •f9CFR173. 153 

TOXICITY 

POTASSIUM PERMANGANATE! 
ZH-OO UG/KC/DAV ORAL-WOMAN TDLO, lH-3 MG/KC ORAL-HUMAN' LDLOf 1090 MG/KC ORAL-RAT 
LOSO, 600 MG/KC ORAL-RABBIT LDLO; M-OO MG/KC ORAL-DOG LDLOi 500 MG/KG 
SUBCUTANEOUS-MOUSE LDSO; 70 MG/KC INTRAWSMOUS-RABBIT LDLO, MUTAGENIC DATA 
DATA CRTECSJ; REPRODUCTIVE EFFECTS DATA CRTECS3; 
CARCINOGEN STATUSi NONE. 

POTASSIUM PERMANGANATE IS A SEVERE EYE, SKIN. AND MUCOUS MEMBRANE IRRITANT. 
POISONING MAY AFFECT THE KIDNEYS. 

HEALTH EFFECTS'AND FIRST'AIO 

INHALATION! 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- MAY CAUSE SEVERE IRRITATION OF THE RESPIRATORY TRACT. 
SHORTNESS OF BREATH, LABORED BREATHING, CHOKING, STRIDOR, PERSISTENT, 
SPASMODIC COUGH, PAIN IN THE NOSE, MOUTH AND THROAT, AND BURNS OF THE 
MUCOUS MEMBRANES. IF SUFFICIENT QUANTITIES ARE INHALED, PULMONARY EDEMA 
MAY DEVELOP, OFTEN WITH A LATENT PERIOD OF 5-72 HOURS. THE SYMPTOMS MAY 
INCLUDE TIGHTNESS IN THE CHEST, DYSPNES, FROTHY SPUTUM. CYANOSIS, AND 
DIZZINESS. PHYSICAL FINDINGS MAY INCLUDE WEAK, RAPID PULSE, HYPOTENSION. 
MOIST RALES AND HEMOCONCENTRATION. RECOVERY MAY BE PROLONGED AND RELAPSES 
ARE POSSIBLE. IN SEVERE EXPOSURES, DEATH DUE TO ANOXIA MAY OCCUR WITHIN 
A FEW HOURS AFTER ONSET OF PULMONARY EDEMA SYMPTOMS OR FOLLOWING A 
RELAPSE. 

CHRONIC EXPOSURE- DEPENDING ON THE CONCENTRATION' AND DURATION OF EXPOSURE, 
REPEATED OR PROLONGED EXPOSURE TO ACIDIC SUBSTANCES MAY CAUSE EROSION OF 
THE TEETH AND INFLAMMATORY AND ULCERATIVE CHANGES IN THE MOUTH. BRONCHIAL 
AND GASTROINTESTINAL DISTURBANCES ARE ALSO POSSIBLE. 

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING 
HAS STOPPED, GIVE ARTI.^'ICIAL RESPIRATION. MAINTAIN AIRWAY AND BLOOD 
PRESSURE AND ADMINISTER OXYGEN IF AVAILABLE. KEEP AFFECTED PERSON WARM AMD 
AT REST. ADMINISTRATION OF OXYGEN SHOULD BE PERFORMED BY QUALIFIED 
PERSONNEL. GET MEDICAL ATTENTION IMMEDIATELY. 

SKIN CONTACT! 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- DILUTE AQUEOUS SOLUTIONS MAY BE MILDLY IRRITATING. DIRECT 
CONTACT WITH THE SOLID MAY CAUSE SEVERE BURNS WITH REDNESS AND PAIN. 

CHRONIC EXPOSURE- EFFECTS DEPEND ON THE CONCENTRATION AND DURATION OF 
EXPOSURE. REPEATED OR PROLONGED CONTACT WITH CORROSIVE SUBSTANCES MAY 
RESULT IN DERMATITIS OR EFFECTS SIMILAR TO ACUTE EXPOSURE. 

FIRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED 
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO 
EVIDENCE CF CHEMICAL REMAINS CAT LEAST 15-20 MINUTES}. IN CASE CF CHEMICAL 
BURNS. COVER AREA WITH STERILE. DRY DRESSING. BANDAGE SECURELY. BUT NOT 
TOO TIGHTLY. GET MEDICAL ATTENTION IMMEDIATELY. 

BYE CONTACT! 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- DILUTE AQUEOUS SOLUTIONS MAY BE ONLY MILDLY IRRITATING. 
HOWEVER. DIRECT CONTACT WITH THE SOLID MAY CAUSE BURNS WITH REDNESS. PAIN. 
LACRIMATION AND BLURRED VISION. CONTACT WITH STRONG SOLUTIONS OR CRYSTALS 
MAY CAUSE A HARDENED. ERODED LESION ACCOMPANIED BY SWELLING OF THE LIDS 
AND CONJUNCTIVAE AND SUBCONJUNCTIVAL HEMORRHAGE. 

CHRONIC EXPOSURE- EF-I JI C.M "-'S ITICfi-'.ATION A.NC 3UAOF 
EXPOSURE. REPEATED ... =NGEO EXPOSURE CORROSIVE SUBSTANCES MAY CAUSE 
CONJUNCTIVITIS OR EF'^ICTS AS IN ACUTE EXPOSURE. TURBIDITY AND BROWN 
DISCOLCRATZaN OF THE CORNEA IS POSSIBLE WITH PROLONGED CONTACT. 

FIRST AID- WASH EVES IMMEDIATELY WITH LARGE AMOUNTS CF WATER. CCCASICNALLY 
LIFTING UPPER AND LOWER LIDS. UNTIL NO EVIDENCE OF CHEMICAL REMAINS 
CAT LEAST 15-20 MINUTES}.. IN CASS OF BURNS. APPLY STERILE BANDAGES LOOSELY 
WITHOUT MEDICATION. GET MEDICAL ATTENTION IMMEDIATELY. 

INCESTIONi 
POTASSIUM PERMANGANATE! 
CORROSIVE. 

ACUTE EXPOSURE- MAY CAUSE DISCOLCRATICN. INFLAMMATION. AND CORROSICN OF THE 
LIPS. GUMS. TEETH. TONGUE. TONSILS, PHARYNX AND THE LARYNX. THE COLOR MAY 
BEGIN AS A PURPLE-BROWN, BUT WITHIN MINUTES THIS CHANGES TO DARK BROWN AND 
LATER IT MAY BE A COAL BLACK. A SLIGHT METALLIC LUSTRE MAY ALSO BE 
APPARENT. A BURNING PAIN FROM THE MOUTH TO THE PIT CF THE STOMACH BEGINS 
WITH NAUSEA AND VOMITING FOLLOWING. THE VOMIT MAY CONTAIN PURPLE-BROWN 
OR BROWN MATERIAL. OTHER SYMPTOMS MAY INCLUDE DIFFICULTY IN SPEAKING OR 
SWALLQWI.MG WHICH MAY PERSIST FOR SEVERAL DAYS, BLACK STOOLS. AND 
EPIGASTRIC PAIN AND TENDERNESS WHICH MAY BE ACCOMPANIED AMD EXAGGERATED BY 
TYMPANIC OISTENSION OF THE ABDOMEN, SLOW PULSE, SHOCK WITH FALL OF BLOOD 
PRESSURE AND DEATH MAY ALSO OCCUR. IF DEATH IS NOT IMMEDIATE JAUNDICE AND 
OLIGURIA OR ANURIA MAY APPEAR. IF THIS CHEMICAL IS INADVERTENTLY INHALED 

I I* 
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WHILE aeiNG INGESTED SYMPTOMS AS THOSE IN ACUTE INHALATION MAY ALSO 
OCCUR. 

CHRONIC EXPOSURE- DEPENDING ON THE CONCENTRATION. REPEATED INGESTION OF 
ACIDIC SUBSTANCES MAY RESULT IN INFLAMMATORY AND ULCERATIVE CHANCES IN THE 
MUCOUS MEMBRANES OF THE MOUTH AND OTHER EFFECTS AS IN ACUTE INGESTION. 

FI.RST AID- IF VICTIM IS CONSCIOUS. IMMEDIATELY GIVE 3 TO <t- GLASSES OF WATER. 
AND INDUCE VOMITING BY TOUCHING FINGER TO BACK OF THROAT. GET'MEDICAL 
ATTENTION IMMEDIATELY. 

ANTIDOTE! 
NO SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 

- REACTIVITY 
REACTIVITY: 
REACTS VIOLENTLY WITH FINELY DIVIDED. EASILY ONIDIZABLE SUBSTANCES. 
INCREASES FLAMMABILITY OF COMBUSTIBLE MATERIALS. A POWERFUL OXIDIZER. 

INCOMPATiaiLITIESi 
POTASSIUM PERMANGANATE: 

ACETIC ACID: MAY EXPODE. 
ACETONE: MAY REACT. 
ACETYLACETONE: MAY IGNITE. 
ALCOHOLS: METHANOL. ETHANOL. ISOPROPANOL. PENTANOL AND ISOPENTANOL MAY 
IGNITE. 

ALUMINIUM POWDER * AMMONIUM NITRATE * GLYCERYL NITRATE *• NITROCBLLULOSEi 
ALL FIVE COMPONENTS MAY EXPLODE WITH GREAT VIOLENCE. 

ALUMINIUM CARBIDE: INCANDESCENCE ON WARMING. 
AMMONIUM NITRATE: MAY EXPLODE. 
AMMONIUM PERCHLORATE: THE MEDIUM IMPACT-SENSITIVITY OF THIS SOLID IS 

GREATLY INCREASED. 
ANTIMONY: IGNITES ON GRINDING. 
ARSENIC: IGNITES ON GRINDING. 
BENZALDEHYDE: MAY IGNITE. 
CARBON: MAY BURN VIGOROUSLY ON HEATING. 
3-CHLOROPRCPANE-l.2-DIOL: MAY IGNITE. 
DICHLOROMETHYLSILANE: MAY IGNITE. 
OIMETHYLFORMAMIDE: MAY EXPLOOE. 
DIMETHYLSULFOXIDE: MAY IGNITE. 
ERYTHRITOL: MAY IGNITE. 
ESTERS OF ETHYLENE GLYCOL: MAY IGNITE. 
ETHYLENE GLYCOL: MAY IGNITE. 
GLYCEROL: MAY CAUSE A VIGOROUS FIRE OR EXPLOSION. 
HYDROCHLORIC ACID: MAY EXPLODE. 
HYDROFLUORIC ACID: MAY CAUSE A VIOLENT EXOTHERM WITH LIGHT EMISSION. 
HYDROGEN PEROXIDE: MAY CAUSE A VIOLENT REACTION AND FIRE. 
HYDROGEN TRISULFIOE: MAY IGNITE. 
HYCROXYLAMINE: CONTACT IMMEDIATELY PRODUCED A WHITE FLAME. 
ISOBUTYRALDSHYDE: MAY IGNITE. 
LACTIC ACIOi MAY IGNITE. 
MANNITCL: MAY IGNITE. 
CRCANIC MATTER: EXPLOSIVE REACTION. 
ORGANIC NITRO COMPOUNDS: MIXTURES IGNITE EASILY ON HEATING. SHOCK. OR ON 

CONTACT WITH SULFURIC ACID. 
OXALIC ACID: MAY IGNITE. 
POTASSIUM CHLORIDE * SULFURIC ACIDi ADDING CONCENTRATED SULFURIC ACID TO AN 
INTIMATE MIXTURE OF THE SALTS .MAY CAUSE AN EXPLOSION. 

PROPANE-1. Z-DICL: MAY IGNITE. 
SULFURCPOWOERED3: WHEN HEATED MAY EXPLODE. 
SULFURIC ACID * WATER: ADDITION OF CONCENTRATED SULFURIC ACID TO THE 
SLIGHTLY DAMP PERMANGANATE CAUSED AN EXPLOSION. 

TITANIUM: MAY EXPLOOE ON HEATING. 
3. Y. •h'-TRIMETHYLDIPHENYL SULFONEi MAY REACT. 
WOOD: MAY CAUSE A FIRE IN PRESENCE OF EITHER MOISTURE OR MECHANIOAL 
FRICTION. 

OECaMPOSZTIOM: 
THERMAL OECOMPOSITZOM RELEASES OXYGEN. WHICH GREATLY INCREASES THE BURNING 
RATE OF COMBUSTIBLE SUBSTANCES. 

POLYMERIZATION: 
fSCSRDCUS PCL :'Vi£RIZa7Ic>J uas MOT SEEN REPORTED TO OCCUR UNDER NORMAL 
TEMPERATURES AND PRESSURES. 

"STORAGE AND DISPOML 

STORAGE: PROTECT AGAINST PHYSICAL DAMAGE. SEPARATE FROM SULFURIC ACID. 
HYDROGEN PEROXIDE. AND ALL COMBUSTIBLE. ORGANIC OR READILY OXIOIZABLE 
MATERIALS CNFPA YS. HAZARDOUS CHEMICALS DATA. 1S7S3. 

SXXSXSSBSSSSXXSSSXSSSSSSSSXXSBBSSSSSBSBBSSSXBSSSSSSBSBSBSSBaBSSaSBSSSBSSSSSBBS 
CONDITIONS TO AVOID 

MAY IGNITE OTHER COMBUSTIBLE MATERIALS CWOOD. PAPER. OIL. ETC. 3. REACTIQN 
WITH FUELS MAY BE VIOLENT. RUNOFF TO SEWER MAY CREATE FIRE CR EXPLOSION 
HAZARD. 

CONSULT MFPA PUBLICATION Y3A. STORAGE OF LIBUIO AMD SOLID OXIDIZING MATERIALS. 
FOR STORAGE RECUIREMENTS. 

sasxxaaaaxaxxaaxaaaaxaxxaxxasaaaaaaaasaasaaaaaaaaaaaasaaasaaaaaaaaaaaaasaaaaaa 
SPILL AMD LEAK PROCEDURES 

SOIL SPILL: 
GIG HOLDING ARFA SUCH AS LAGOON. POND OR PIT FOR CONTAINMENT,. 
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USE PROTECTIVE COVER SUCH AS A PLASTIC SHEET TO PREVENT MATERIAL FROM 
DISSOLVING IN FIRE EXTINGUISHING WATER OR RAIN. 

USE SODIUM BISULFITE CNA-H-S033 TO NEUTRALIZE SPILLED MATERIAL. 

WATER SPILLi 
NEUTRALIZE WITH CAUSTIC SODA. 

ADD SODIUM BISULFITE. 

USE MECHANICAL DREDGES OR LIFTS TO EXTRACT IMMOBILIZED MASSES OF POLLUTION AND 
PRECIPITATES. 

OCCUPATIONAL SPILLi 
KEEP COMBUSTIBLES CWOOO. PAPER, OIL, ETC3 AWAY FROM SPILLED MATERIAL. DO NOT 
TOUCH SPILLED MATERIAL. FOR SMALL DRY SPILLS. WITH CLEAN SHOVEL PLACE 
MATERIAL INTO CLEAN. DRV CONTAINER AND COVER; MOVE CONTAINERS FROM SPILL 
AREA. FOR SMACrC LIQUID SPILLS. TAKE UP WITH SAND. EARTH OR OTHER ABSORBENT 
MATERIAL AND PLACE INTO CONTAINERS FOP. LATER DISPOSAL. FOR LARGER SPILLS, 
DIKE FAR AHEAD OF SPILL FOR LATER DISPOSAL. KEEP UNNECESSARY PEOPLE AWAY. 
ISOLATE HAZARD AREA AND DENY ENTRY. 

REPORTABLE QUANTITY CRQSi 100 POUNDS 
THE SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT CSARA3 SECTION 30<P REQUIRES 
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FDR THIS 
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE 
AND THE STATE EMERGENCY RESPONSE COMMISSION C YO CFR 3S5. <t-03. IF THE RELEASE OF 
THIS SUBSTANCE I5i REPORTABLE UNDER CERCLA SECTION 103, THE NATIONAL RESPONSE 
CENTER' MUST BE NOTIFIED IMMEDIATELY AT CSaa3 t-a-P-SaOE OR CZ023 t-ES-ESTS IN THE 
METROPOLITAN WASHINGTON. D. C. AREA C H-O CFR 30E. S3. 

PROTECTIVE'EQUIPMENT" " ' 
VENTILATIONi 
PROVIDE LOCAL EXHAUST VENTILATION AND/OR GENERAL DILUTION VENTILATION TO MEET 
PUBLISHED EXPOSURE LIMITS. 

RESPIRATOR, 
THE SPECIFIC RESPIRATOR SELECTED MUST BE BASED CM THE CONTAMINATION LEVELS 

FOUND IN THE WORK PLACE. MUST NOT EXCEED THE WORKING LIMITS OF THE 
RESPIRATOR AND BE JOINTLY APPROVED BY THE NATIONAL INSTITUTE FOR 
OCCUPATIONAL SAFETY AND HEALTH AND THE MINE SAFETY AND HEALTH 
RDMINI.STRATION. 

THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON THE DATA FOUND IN THE 
PHY3IC.-.L DATA. HEALTH EFFECTS AND TOXICITY SECTIONS. THEY ARE RANKED IN 
ORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTIONi 

CHEMICAL CARTRIDGE RESPIRATOR WITH AN ORGANIC VAPOR CARTRXDGECSS WITH A FULL 
FACEPIECE AND A DUST FILTER. 

CAS MASK WITH ORGANIC VAPOR CANISTER CCHIN-STYLE OR FRONT- OR BACK-MOUNTED 
eAMISTER3 WITH A FULL FACEPIECE AND A PARTICULATE FILTER. 

TYPE *e* SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL FACEPIECE. 
HELMET OR HOOD OPERATED IN CONTINUOUS-FLOW MODE. 

SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPIECE OPERATED IN 
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE. 

FOR FIREFICHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH OCNOITIONSi 

SELF-CONTAINED SRSATHINC APPARATUS WITH FULL FACEPIECE OPERATED IN PRESSURE 
DEMAND OR OTHER POSITIVE PRESSURE MODE. 

SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN PRESSURE-DEMAND 
OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-DEMAND OR OTHER 
POSITIVE PRESSURE MODE. 

CLOTHING I 
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE CIMPERVXOUSS CLOTHING AND EQUIPMENT 
TO PREVENT ANY POSSIBILITY OF SKIN CONTACT WITH THIS SUBSTANCE. 

GLCVESi 
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTAOT WITH THIS 
SUBSTANCE. 

EYE PROTECTIONi 
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT SAFETY BOGGLES AND A 
FACESHIELD TO PREVENT CONTACT WITH THIS SUBSTANCE. CONTACT LENSES SHOULD MOT 
BE WORM. 

EMERGENCY WASH FACILITIESi 
WHERE THERE IS ANY POSSIBILITY THAT AN BMPLOYSa''3 EYES AND/OR SKIM MAY BE 
EXPOSED TO THIS SUBSTANCE. THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN 
AND QUICK DRENCH' SHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 

AUTHORIZED - FISHER SCIENTIFIC GROUP. INC. 
CREATION DATEi lE/lE/SV REVISION DATE, aS/ET/BS 
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.AOOXTXOMAL ZNPQRMATXON-
THE ZNFORMATXeN BELOW ZS BELZEVED TO< BE ACCURATE AND REPRESENTS THE BEST 
ZMFORMATION CURRENTLY AVAZLASLE TO US: HOWEVER, WE MAKE NO WARRANTY OF 
MERCHANTABZLZTY OR ANY OTHER WARRANTY,. EXPRESS OR XMPLZED. WXTH RESPECT TO 
SUCH INFORMATZON. AND WE ASSUME NO LXABZLZTY RESULTXNO FROM ITS USE. USERS 
SHOULD MAKE THBZR OWN XNVESTXCATZONS TO OETSRMXNE THE SUZTABZLITY OF THE 
ZNFORMATXON FOR THEIR PARTZCULAR PURPOSES. 




